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FUEL ECONOMY IS IMPROVED 


When 


In firing long cycles, there’s sometimes a tend- 
ency to think that pyrometric control 
necessary. Set the burners and _ valves, 
one school of thought, and don’t touch them unless 
something goes wrong. The charge is steady, 
and the kiln will hold itself in heat balance. 

In this connection, however, we have a demon- 
stration we like to make to interested persons. 
It takes just a few minutes, and it shows what 
we call the “‘micro-responsiveness” of the Micro- 
max Py rometer. It shows how Micromax catches 
and corrects for the ¢imy temperature changes 
the changes due to weather, fuel pressure, etc. 
the changes of perhaps only a few degrees. You 
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LEEDS & NORTHRUP COMPANY, 4990 STENTON AVE., 


MICROMAX Pyrometer Controls Firing 


may be surprised to see how Micromax contro/s 
these changes even when thes ’re too tiny to show 
to good advantage on the pyrometer’s chart, and 
we're glad to leave whether 
the extra fuel burnt to hold too high a heat for 


perhaps a full shift isn’t well worth considering. 


It to vou to decide 


Especially when vou get such tine control, night as 
well as day. 

Micromax Control Pyrometers are simple, easy 
to install, and completely adjustable for any 
service conditions. Let us show you their micro- 
responsiveness; or, if you desire catalog informa- 


tion only, ask for Catalog N-35 


PHILA., PA. 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS + TELEMETERS - 


Jrl Ad N-33-664(1 


AUTOMATIC CONTROLS - 


HEAT-TREATING FURNACES 
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Lancaster 


FOR PRECISION MIXING OF REFRACTORY BODIES 
USE 


Symbol EBG-4 Lancaster” Mixer, closed pan dust 
control type for batches up to 9 cu. ft. 


In the manufacture of Refractory Products, 
the properties of the finished article depend 
largely upon the right choice and accurate 
distribution of body ingredients. 

Lancaster” Mixers, with their scientifically 
applied principles of batch control, distribute 
grain sizes, moisture and bond accurately. 
Mixing and mulling are accomplished simul- 
taneously by the arrangement of plows and 
mullers. This provides a balanced action which 
serves not only to develop uniform body plas- 


licity without crushing or destroying grain 
characteristics, but it also provides a very fast 
mixing action which means correspondingly 
larger production per unit. 

Low power, low operating and low maintenance 
costs are additional merits of this modern ‘‘Lan- 
caster” Mixing System. 

\ qualified representative will call promptly 
upon request to discuss an application of ‘“Lan- 
caster” Mixing to your requirements. Write, 
-wire or phone today. 


LANCASTER IRON WORKS, INC. 


BRICK MACHINERY DIVISION 


LANCASTER, PENNA., 


U.S.A. 
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Lancaster 


WHAT THEY SAY ABOUT THEIR “LANCASTER” MIXERS * 


sin enatl we are very glad to state that we have found the “‘Lancaster’’ Counter-Current Rapid Batch 
Mixer to be eminently satisfactory for the mixing of dry granular materials with either dry or wet bonds. 
This machine produces a thoroughness and a uniformity of mixing not obtainable by the use of any other 
mixer that we know of and it does this in approximately one-third the time of other types of mixing ma- 


chines with which we are familiar.” 


“We are pleased to advise that we have a Lancaster [ron Works Batch Mixer in use here which is mixing 
very satisfactorily. We decided on this particular mixer after examining and watching two mixers of 
other manufacture—one of which was tested with our material. The ‘“Lancaster’’ Mixer, however, gave 


better results inasmuch as the various ingredients put into the machine were more thoroughly mixed.” 


* * * * 


eco we are highly pleased with our ‘Lancaster’? Mixer and believe it is far superior to any similar 
machine on the market for many requirements. We have had much experience with various dry and 
wet pans as well as batch mixers, which have their place, but do not give certain results that we obtain 


from our “Lancaster.” 


* Names furnished upon request. 


large number of representative plants. 


Bulletin 70 describes this scientific mixing 


action. Write for your copy. No obligation. 


BRICK MACHINERY DIVISION 


LANCASTER, PENNA., U.S.A. 


ments are well established by installations in a 


IRON WORKS, INC. 
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The fine qualifications of the ‘“ Lancaster’’ Counter- 
Current Rapid Batch Mixing System for preparing 


light or heavy refractory bodies, mortars and ce- 
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Tunnel, Truck and Humidity Dryers 


for— Dry Pressed Electrical Porcelain 

High Voltage Electrical Porcelain 

Sanitary Porcelain 

Floor Wall Tile 

Abrasive Wheels 

Glass Pots and Blocks 

Refractory Bricks and Shapes 

Also Stove Rooms and Mangles for 
General Dinnerware 


PROCTOR & SCHWARTZ, INC. 


The Largest Builders of Drying Machinery for Industry 


Seventh Street & Tabor Road, Philadelphia, Pa. 


PROVEN PERFORMANCE 


THE PORCELAIN ENAMEL & MFG. co. 
Porcelain Enamels, Frits, Coloring Oxides and Supplies 
PEMCO AND EASTERN AVES., BALTIMORE, MD. 


CLAYS 


English China and Ball 


for 


HEATING ELEMENTS 
CERAMIC BODIES 
SAGGER USES 


Ceramic Specialties Include 
Whiting : Paris White : Magnesite | 
Cornwall Stone : Barium Carbonate | 
Zinc Oxide : Enameling Clays : Etc. 


HAMMILL & GILLESPIE, INC. 


Importers since 1848 | 
225 Broadway _New York 


RESEARCH WORKERS 


We offer every cooperation, assistance and counsel in de- 
veloping new ideas applying to ceramic products of all kinds. 
. Write or call at our office, where complete laboratory 
and technical facilities are available 
Distributors for the following Foote Minerals—Amblygo- 
nite, Antimony Sulphide, Barium Carbonate, Beryl, 
Chromite, Black Iron Oxide, Red Iron Oxide, Kaltan, 
Lithium Salts, Manganese Dioxide, Rutile, Fused Silica, 
Spodumene, Thorium Oxide, Zirconium Oxide 
Edgar Clays—Florida and Georgia—for Every Pottery 
Service. Wyodak Bentonite, Licensed under Kraus patents. 


Metuchen, N. J. 
Over Half a Century of Satisfactory Service 


EDGAR PLASTIC KAOLIN CO. 


PORCELFRIT 
“The Plant Tested 


INGRAM-RICHARDSON MFG. CO. OF IND., INC. 
FRANKFORT, INDIANA 


FOR CLAY FILTRATION 


use 


METAKLOTH 


(green) 


Silvakioth 


(black) 


The oldest and best cupra-ammonium finish for 


POTTERY FILTER FABRICS. 


This finish gives the fabric a smooth, lustrous, 
metallic surface—no fibres to catch and break the 
clay cake as it comes away in one perfect piece— 
filters better and faster than untreated cloths—re- 
quires fewer washings and is easier to keep clean— 
more continuous operation of your press—lower 
labor costs and a larger and better product with the 
same machinery. 

The fabric is mildew proofed—has an _ increased 
tensile strength—has a longer useful life. 

This means larger profits for you. 

Consult your bag manufacturer or write to, 


Metakloth Company, Lodi, N. J. 
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A shipload of minerals from Greenland 


gave the modern ceramic industry its 


ARTHENWARE and tile were known 

in such ancient times that the birth of 
ceramics is shrouded in the mists of antiquity. 
But 1857 is the date when the industry we 
know today actually received its start. In 
that year the first shipme nt of Kryolith was 
made from Greenland. 

Kryolith, fluoride flux and opacifier, makes 
possible today’s superior glassware and 
enamels. With its ability to ‘dissolve nearly 
all the minerals commonly 
used by the industry, Kryo- 
lith is a flux of outs standing 
strength. Its effect on thie 
batch ingredients starts well 


Blas 


Kryol: 


PENNSYLVANIA SALT 


NATURAL CRYOLITE 


FA/C TURING C 


start 


below its melting temperature, and it dis- 
solves increasing quantities of the ingredi- 
ents as the furnace heat increases. 
Krvolith also imparts a desirable opacity 
to enamels, helping to produce higher quality 
products at lower cost. It has played an 
important part in producing the popular new 
shades and tints in glassware. That is why 
it pays to be sure the frit you buy is made 
with the genuine natural material— Kryolith. 


Pennsylvania Salt Manu- 
facturing Co., Widener Bldg., 
Philade Iphia, Pa.— New Y ork 
Chic ‘ago St. Louis Pitts- 
burgh « T acoma ¢ W vandotte. 
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MONTGOMERY PORCELAIN 
PRODUCTS COMPANY 


SPECIALIZING IN 


Primary Protection Tubes for 
all makes of Pyrometers 


MONTGOMERY 


PYROMETER TUBES 


CORUNDUM 
%& REFRACTORY PORCELAIN 


MONTGOMERY PORCELAIN PRODUCTS CO. 


FRANKLIN OHIO 


QUALITY COLORS 


for 
QUALITY WARE 


Whether your requirements are 
large or small, we take the 


same painstaking care to 
serve you promptly and 
efficiently. Write us 
on any problem 


* 
Acid 
Resistant 
Colors 
* 

Vitreous Oxide 


Colors Colors 


* 
Overglaze 
Colors 


involving ce- 
ramic color. 


COLORS — CHEMICALS — SPECIALTIES 


THE VITRO MANUFACTURING CO. 


CORLISS STATION PITTSBURGH, PA. 
16 California St., San Francisco, Calif. 
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A NEW REVELATION 


OF ACCURACY AND ECONOMY OF BODY PREPARATION 


WITH 


‘CON TROLLED 


MIXING” 


The above installation view shows some of the basic features 
of “Controlled Mixing’ which make it possible to maintain 
the required make-up and characteristics of the prepared body 
within very close limits in each succeeding batch, and with a 
resultant high degree of uniformity of the product. 

Notice that the correct amount of the various clays and other 
elements of the mix is weighed and proportioned into the 
loader bucket at floor level for each batch, while the previous 
batch is being mulled. By means of start-stop-reverse electri- 
cal control, the Simpson Straight Lift Bucket Loader, en- 
closed for dust suppression, elevates the new batch and holds 
same in readiness to charge into the Simpson Mixer as soon as 
the previous batch is discharged. Thus the maximum ca- 
pacity of the mixer is realized. The correct amount of water is 


/ 


(BUILT IN 10 SIZES) 


by mulling in the 


SIMPSON 
_ INTENSIVE 
| MIXER 


added by means of a dial water meter and proportioned into 
the mix through directional pipes and spray nozzles during 
the mulling operation. This feature, together with the thor- 
ough mulling action afforded in the Simpson Mixer with 
heavy, wide-faced, adjustable mullers, assures rapid mixing 
and a strictly homogeneous body material, ready for forming, 
or pulverizing for forming, as the case may be. 

All classes of clay body, ranging from 3% to 28% in moisture 
content, are readily prepared by mulling in the Simpson 
Mixer. 

The simplicity, flexibility and precision of ‘‘Controlled Mix- 
ing’ have enabled progressive plants in all branches of the 
ceramic industry to realize significant production economies 
and uniformity of the product. 


INVESTIGATE “CONTROLLED MIXING’ NOW — OUR CERAMIC ain cen WILL BE GLAD TO CONSULT WITH YOU ON YOUR SPECIAL 


NATIONAL ENGINEERING COMPANY 


MACHINERY HALL BUILDING, CHICAGO, ILLINOIS, U.S. A. 


Manufacturers and Selling Agents for Continental European Countries:—The George Fischer Steel & Iron Works, Schaffhausen, Switzerland. For the British Posses- 
sions, Excluding Canada and Australia—August’s Limited, Halifax, England. For Canada—Dominion Engineering Co., Ltd., Montreal, Canada. For Australia and 
New Zealand—Gibson, Battle & Co., Pty., Ltd., Sydney, Australia 
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McDANEL REFRACTORY PORCELAIN COMPANY 


Manufacturers of 


PYROMETER TUBES AND INSULATORS 


COMBUSTION TUBES AND BOATS 
GAS ANALYSIS TUBES 


BEAVER FALLS 


LABORATORY GRINDING JARS 
PORCELAIN MILL LININGS 
PORCELAIN GRINDING BALLS 


PENNSYLVANIA 


THREE ELEPHANT 


BORAX - 


REG. U.S. PAT. OFF. 


REG. U.S. PAT. OFF. 


AND BORIC ACID 


GUARANTEED OVER 
AMERICAN POTASH & 


70 Pine Street, 


99.5% PURE 


CHEMICAL CORPORATION 


New York 


CLAY 


HARTFORD-EMPIRE COMPANY 
HARTFORD, CONN. 


Engineers and Licensors 


FEEDERS FORMING MACHINES CONVEYORS 
STACKERS LEHRS 


FOR EVERY CERAMIC NEED 
UNITED CLAY MINES 


TRENTON . . NEW JERSEY 
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of AM your alkalies 
often kick back! 


e@ ¢ © but when you use Solvay Alkalies 
in the manufacture of your glass products, you can 
. depend on their 


depend on their high quality . . 
constant uniformity at all times. 


SOLVAY SALES COR PORATION 


40 RECTOR “STREET 


Boston @ Cl ( cage incinnati @ Cleveland e etroit 
New Orlea Ph adelr ittsburgh @ St. Louis @ Syracuse 


SOLVAT ALKALIE 


New YORK, N. Y. 
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MARKETING BURNED 
CLAY PRODUCTS 


By A. HAMILTON CHUTE, Ph.D. 


Indispensable in the library of every 
executive in the fired-clay industries 


A 4-FOLD AUTHORITY 


1 HISTORY OF THE INDUSTRY—An interest- 
ing account of the beginnings and development 
of the manufacture and distribution of fired-clay 
products in the United States, from early Co- 
lonial days to the present. Each important 
group of products is discussed separately. 
Shows the evolution of the various marketing 
agencies from period to period. 


9 DESCRIPTION OF INDUSTRY GROWTH, 
PRESENT STATUS AND LOCATION—Clear, 
detailed data on the present status and growth 
of the several divisions of the industry. Shows 
location of manufacturing activity; relative im- 
portance of states. Illustrated by many charts 


and maps. 


3 ANALYSIS OF MARKETING METHODS, 
CHANNELS, TRENDS—A description of mar- 
keting channels and institutions done in intensely 
practical, non-academic fashion for each of 34 
product groups. Five comprehensive chapters 
on marketing methods and policies, marketing 
trends, and special problems. A complete survey 
of the distribution structure of the industry. 


4 SOURCEBOOK OF INDUSTRY STATISTICS— 
Combines in one volume all the authentic 
figures on production, sales, imports, exports, 
tariff rates, sales by channels, etc., taken from 
hundreds of published and unpublished govern- 
ment and trade association reports. Includes 
detailed figures on the relative importance of 
various marketing channels for each product 
division. A reference source which will be used 


time and again. 


400 PAGES # 53 TABLES 
21 CHARTS AND MAPS 
6x9 # Price $3.50 


Write direct to-- 


THE BUREAU OF BUSINESS RESEARCH 
THE OHIO STATE UNIVERSITY 
COLUMBUS, OHIO 


Grten Cones 
are the 
| Standard 


Pyrometric cones were first offered to the 
ceramic industry in Germany by Dr. Seger 
in 1886. Previously a few numbers had been 
made at the Sévres Pottery near Paris by 
Lauth and Vogt. The Lauth and Vogt 
work goes back to 1882. Lauth and Vogt 
did not endeavor to make a complete series 
nor did they offer the cones for sale but used 
them at the Sévres Plant. Seger’s original 
series was subsequently materially extended 
by Seger himself, and by Cramer and Hecht 
to cover higher and lower melting points. 
The series has been extended until now there 
is a complete series of cones from 022 to 42. 
Subsequent series based on the Seger plan 
were developed and placed on sale in Eng- 
land, France and America. The German 
cones were imported into the United States 
during the early nineties. In 1887 Dr. Karl 
Langenbeck made cones for his own use at 
the Encaustic Tiling Company, Zanesville, 
Ohio. 


at Zanesville and began making them com- 


Professor Orton first saw cones used 


mercially in 1896. 


California Representative | South American Repre- 
sentative 
E. L. Maxson 
112 W. 9th St. 
Los Angeles, Calif. 


The Ferro Enamel Corp. 
4150 E. 56th St. 
Cleveland, Ohio 


THE EDWARD ORTON, JR., 
CERAMIC FOUNDATION 


1445 SUMMIT STREET COLUMBUS, OHIO 
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CORHART’ STANDARD ELECTROCAST 


HELPS TO SET 


A NEW HIGH RECORD! 


OST glass men, we feel sure, will be interested in 

the record of a clear flint bottle glass furnace which 

was recently shut down for complete repairs after 
producing 65,011 tons of glass during a total life of 833 
producing days—within our knowledge a new high record 
of 128.9 tons of glass at the feeders, for each square foot of 
melting area. 


Corhart* Standard Electrocast, it is almost needless to 
say, was used throughout the sidewalls of both the melting 
and the working chamber. From February 27 to March 2, 
the tank was out for quick repairs to ports, bridgewall 
covers, shadow wall and checkers (none of which was 
furnished by this company). During the tank’s entire 
life, not one pound of Corhart* Electrocast was replaced. 
The data follows: 


Fire placed in tank........... Ped sah ...October 4, 1937 
Production off—fires out February 27, 1939 
Fires placed back in tank...................... March 2, 1939 
Production on............ .....March 7, 1939 
Production off—fires out...................+-- March 11, 1940 


Total tons glass produced 65,011 
Tons glass produced per operating day........ 78.0 
Sq. ft. melting area per ton glass per operating day 6.46 
Average pack 90% 
Cause of shut down Ports 
Tons per sq. ft. melting area per life. . : 128.9 


Note: When this tank was rebuilt, Corhart* Standard Electrocast 
was used in breastwalls and ports 


This, you will agree is a rather spectacular record. Yet it 
has been closely approached by several Corhart tanks in 
the past, and will unquestionably be exceeded by many 
such tanks in the future. For the glass industry is moving 
forward more rapidly today than ever before, and the 
records of 1940 are unquestionably the commonplace 
performances of tomorrow... . 


Corhart Refractories Co., Incorporated, 16th and Lee 
Streets, Louisville, Kentucky ....Jn Europe: L’Electro 


Refractaire, Paris. In Japan: Asahi Glass Co., Tokio. 


* Not a product, but a trade-mark. 
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PROPERTIES AND CHARACTERISTICS OF ENAMELING IRON* 


By Josepu C. EcKEL AND JOHN A. EcKELt 


ABSTRACT 


The physical and chemical properties and microstructure of a continuous mill- 


enameled sheet steel are discussed as well as their relation to the enameling process. 


Heat 


treatment, mechanical working, and other phases of mill operations which tend to in- 
fluence the performance of the sheet steel during enameling are also described. 


I. Introduction 

The object of this paper is to present some of the 
properties and characteristics of enameling sheets made 
by the continuous mill process and to show the effect 
that these factors exercise on the ultimate performance 
in the enameling shop. 

The subject has been subdivided into (1) and (2) 
properties and characteristics of enameling iron, re- 
spectively, and (3) a summary of the effect of (1) and 
(2) on the performance in the enameling shop. 

Enameling sheets are processed essentially from pure 
iron in which the elements usually associated with iron 
are held as low as possible. The steel generally is a 
basic open-hearth, rimming type having a_ typical 
analysis of carbon 0.03%, manganese 0.06%, phos- 
phorus 0.008%, sulfur 0.020%, silicon 0.009%, and 
copper 0.04%. 

The ingots are rolled into slabs (varying in size from 
3 to 7.5 in. thick, 2 to 6 ft. wide, and 6 to 14 ft. long) 
and are sent to sheet mills for finishing into sheet form. 

At the sheet mill, the slabs are heated to approxi- 
mately 2300°F. for three to four hours in slab-heating 
furnaces to prepare them for rolling. When the slabs 
are thoroughly heated, they are discharged from the 
furnace to the continuous-strip mill run-out table and 
are passed through a series of four 4-high roughing 
stands onto an intermediate table and then through 
a series of six 4-high finishing mills. On its course 
through the strip mill, the slab will decrease markedly 


* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 9, 
1940 (Enamel Division). Received May 11, 1940. 

t J. C. Eckel is with the Sheet Division of the Carnegie- 
Illinois Steel Corp., Pittsburgh, Pa.; J. A. Eckel is Gen- 
eral Foreman of the Metallurgical Department, Gary 
Sheet Mill, Carnegie-Illinois Steel Corp., Gary, Ind. 


in thickness and increase in length. It emerges from 
the last stand as a long “‘ribbonlike’’ strip, approxi- 
mately 800 to 1000 ft. in length, traveling at speeds up 
to 2100 ft. per minute. The run-out table conveys the 
strip to coilers which wind it into coils. 

After hot-strip rolling, the material is permitted to 
cool for forty-eight hours before pickling. Dilute sul- 
furic-acid solutions, maintained at temperatures of 
180° to 200°F., remove the strip-mill oxide as it is 
conveyed uncoiled through the continuous pickling 
units. As the strip is recoiled at the exit end of the 
pickler, it is oiled to protect the clean pickled surface 
from rust. 

Coils from the line pickler are now ready for cold 
reduction, which is accomplished either on reversing 
mills or on tandem mills. Reversing mills are of the 
single-stand type and consist of two working rolls and 
two back-up rolls. Tandem mills generally consist of 
three single stands, all of the 4-high type. The general 
practice is to reduce the hot-strip material by 50 to 
60% to the gauge ordered by the customer. As the 
strip emerges from the exit end, it is coiled at speeds of 
500 to 800 ft. per minute. 

The material is heat-treated as sheets after cold re- 
duction. The coils from the cold reduction mills are 
sheared to sheets on “‘flying shears’’ at speeds approxi- 
mating 500 ft. per minute. 

The heat treatment generally used on enameling iron 
is known as normalizing, which consists of heat-treating 
the material at furnace temperatures of 1800° to 1850°F. 
for about one to two minutes. The purpose of the heat 
treatment is to remove the stresses imparted by cold 
reduction and to produce a uniform and equiaxial grain 
structure. 

Some distortion of the material results from this 
heat treatment, and because flatness is important in 
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an enameling sheet, the material must be processed 
further by skin or temper passing. 

Before this operation, however, the scale formed on 
the sheets during the normalizing operation must be 
removed with 6 to 8% (by weight) of sulfuric acid at 
temperatures of 140° to 160°F.; the time of immersion 
in the acid is from ten to twenty minutes. 

Skin-pass or temper mills are generally of the 4-high 
type. There is little increase in the length of the ma 


terial rolled on these mills, and an exceptionally flat 
product is obtained. 
grees of roughness may be imparted to the material by 
special preparation of the working rolls. 

The material is now ready for inspection before 
shipment. 


Special surfaces of varying de 


(left) surface of 
100 X 


Enameling iron as hot strip: 
gauge; (right) center of gauge; 


Fic. 2.—Typical structure of auto-body steel that may 
be finished at a high temperature: (left) surface of gauge; 
(right) center of gauge; 100 X. 


Fic. 3.—(Left) Grain distortion in direction of rolling; (center) uniform, equiaxial 
grain structure produced by normalizing treatment; (right) enameling iron processed 
by box annealing showing poor response to grain size; all 100 x. 


Bulletin of The American Ceramic Society—Eckel and Eckel 


ll. Properties 

Because of its relatively low carbon and manganese 
content, enameling iron cannot be properly hot-rolled 
in the temperature range of 1650° to 1950°F., the 
“red-short”’ or “‘nonmalleable”’ range. Hot-working 
in this temperature range causes considerable edge- 
cracking of the strip. As it is impractical on a strip mill 
to roll above 1950°F., the general practice is to roll the 
strip through the roughing stands above this tempera- 
ture and to hold it on the intermediate table before it 
enters the finishing train until it has cooled to a tem- 
perature below the lower limit of 1650°F. Strip-mill 
fiuishing temperatures on enameling iron for this reason 
will approximate 1460° to 1520°F. Figure 1 shows a 
photomicrograph of enameling iron as hot strip at 100 
magnifications. This is in contrast to Fig. 2, which 
shows a typical structure of auto-body steel that may 
be finished at a higher temperature. Enameling iron 
as hot strip will show Rockwell B hardness values in the 
range of B45 to B65. Tensile values will approximate 
30,000 to 45,000 Ib. per sq. in. yield point, 45,000 to 
55,000 Ib. per sq. in. ultimate strength, and from 18 to 
30% of elongation in 2 in. 

After cold-reducing to the finished gauge, the mate- 
rial loses all semblance of ductility. Rockwell B hard- 
ness approximates B80 to B90, and a microsection of 
the material, Fig. 3 (left), shows considerable grain dis- 
tortion in the direction of rolling. Tensile values will 
show 75,000 to 90,000 Ib. per sq. in. of ultimate strength 
and 1 to 5% of elongation in 2 in. Because of the ex- 
cessive cold reduction, the material in this stage of the 
processing will have no ‘‘drop-of-the-beam”’ yield point. 

Normalizing imparts to enameling sheets grain 
structures and physical properties conducive to good 
drawing and enameling. Rockwell B hardnesses vary 
from B35 to B45; yield strength, 23,000 to 28,000 per 
sq. in.; ultimate strength, 40,000 to 45,000 Ib. per sq. 
in.; and from 30 to 40% of elongation in 2 in. (the per- 
centage of elongation is dependent on sheet thickness). 
Figure 3 (center) shows that normalizing produces a 
uniform, equiaxial grain structure. All trace of rolling 
direction has been eliminated by this heat treatment. 

Box annealing, which involves soaking the material 
from 15 to 25 hours at 1200° to 1300°F. and furnace- 
cooling, has not been successful in the production of 
Because of its high purity, this iron 
does not respond readily 
to box-annealing tempera- 
tures. Metallurgically, 
enameling iron that 1s proc- 
essed by box annealing will 
show poor response to grain 
size, Fig. 3 (right). Rock- 
well B hardnesses will vary 
from B50 to B60; yield 
points, from 27,000 to 36,000 
Ib. per sq. in.; ultimate 
strength, 42,000 to 50,000 
Ib. per sq. in.; and 25 to 
35% of elongation in 2 in., 
depending on sheet thick- 
ness. 


enameling iron. 
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Temper- or skin-passing as a cold-rolling operation 
has little influence on the physical properties when 
tests are made immediately following this operation. No 
effect is observed on grain size and ultimate strength, 
the percentage of elongation in 2 in. is slightly de- 
creased, and the Rockwell hardness and yield strength 
are increased slightly. 

So much has appeared in the literature concerning 
age-hardening of mild steel that little need be said of 
enameling iron because the same general principles 
apply. When enameling iron is processed by cold roll 
ing as a final operation, it will show aging with the 
passage of time; that is, there will be an increase in 
hardness and a decrease in ductility. After aging, 
enameling iron will show an increase of 4 to 8 points in 
Rockwell B hardness, 2000 to 5000 Ib. per sq. in. in yield 
point, and a decrease of 2 to 4% elongation in 2 in. 

If box annealing is employed after temper-passing 
to remove strains and to prevent subsequent age 
hardening, the effect on the properties of the annealing, 
which generally consists of heating the material to 
1000° to 1050°F. with no soak and then furnace cool- 
ing, is negligible. 

It is often necessary to “stretcher level’? when so 
ordered, particularly on sheets to be used for signs or 
table tops. This operation consists of gripping the 
ends of the sheets “‘viselike’’ and pulling the sheet just 
through its yield point. Although such an operation 
produces an extremely flat sheet, it affects the physical 
properties to a high degree. For instance, a stretcher 
leveled sheet would not be suitable for deep-drawing 
uses. Such sheets would show Rockwell B hardness 
values of B40 to B50; 32,000 to 36,000 Ib. per sq. in. of 
yield point; 40,000 to 45,000 Ib. per sq. in. of ultimate 
strength; and 25 to 35% of elongation in 2in. The per 
centage of elongation depends on the thickness of the 


‘ 


material. 


Ill. Characteristics 

The required characteristics of enameling iron are 
(1) the material must possess the physical and chemical 
properties and microstructure to meet the require 
ments; (2) the surface of the sheets must be conducive 
to good die and enameling performance; (3) the ma 
terial must be free of nonmetallic impurities that may 
cause blisters in the pickling or in the enameling opera- 
tions; (4) it must have good welding properties; (5) 
it must be free of warpage on requirements where this 
is an important factor; and (6) the gauge must be unt- 
form. 


IV. Effect of Properties and Characteristics on 
Enameling Shop Performance 

In meeting any enameling requirement, the iron must 
possess the proper physical and chemical properties 
and microstructure which influence the ultimate per- 
formance of the sheets. The properties expected at 
various stages of production have been outlined and 
their influence on operations in the consumers’ plants 
will be discussed. 

Before the material reaches the enameling shop, it 
must fabricate properly. To withstand drawing opera- 
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tions successfully, enameling sheets should possess 
good ductility, be relatively soft, and have a good grain 
structure. For flatwork and moderate drawing opera- 
tions where flatness is important, softness and ductility, 
of course, may be sacrificed to some extent. 
Because of its low content of carbon and manganese, 
enameling iron has an inherently larger grain than other 
low carbon-rimmed steels; when it is properly proc- 
essed, it possesses excellent drawing properties. In 
particularly severe drawing operations, because of the 
grain size, enameling iron has a tendency when it is 
drawn to pull coarse (or to 
sometimes termed) to a greater extent than higher 
carbon-rimmed steels, for example, sheets used in the 
hollow-ware or auto-body trade. This factor, however, 
has proved to be an advantage to the enameler because 
the open surface favors proper enamel-slip drainage, 
particularly on large drawn parts. Grain size, within 
certain limits, may be controlled by the steel supplier, 
and it is the practice of the supplier in general to strive 
for a finer grain size on the more severe requirements to 
avoid breakage caused by coarseness. Figure 4 (left) 
shows the type of grain size favored for normal and 
moderate drawing requirements. Figure 4 (right) 
shows what is desired in cases of more severe jobs. 


“orange peel’ as it is 


Fic. 4. 


(Left) Normal and moderate requirements for 
grain size; (right) deep drawing requirements; all 100 X. 


Another important consideration in the fabrication 
and processing of enameling iron is that of annealing 
between drawing operations. Although enameling 
iron is not so susceptible as mild steels to grain growth 
after straining, it is not entirely free of this condition. 
For this reason, it is recommended that any anneal- 
ing between drawing operations be carried out at 
1000° to 1200°F. or alternately at not under 1625°F. 
(sheet temperature). Annealing at 1000° to 1200°F. 
is sufficient to remove cold-working stresses but it does 
not affect the grain size. If this temperature range does 
not condition the ware properly for a subsequent draw, 
the higher temperature should be employed because 
this temperature not only removes the stresses but it 
also produces an equiaxial grain structure. The anneal- 
ing range of 1200° to 1600°F. is to be avoided because 
of its effect on the growth of grain size. 

Because of the property of age-hardening, it is to the 
advantage of the manufacturer to process the material 
as soon as possible after it is received, particularly 
when it is to be used for the more severe drawing 
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requirements. Some operations necessitate two or more 
draws (e.g., some washing-machine tubs). In such 
procedures, subsequent drawing operations should be 
carried out immediately. Figure 5 shows the degree of 
ductility, measured by the percentage of elongation 
that remains in enameling iron after drawing immedi- 
ately and after the material has been allowed to age- 
harden. The data shown in Fig. 5 were obtained by 
tensile tests, wherein the specimens were pulled in 
tension after first subjecting them to definite strain. 


EFFECT OF VARIOUS PERCENTAGES OF 
ELONGATION IN TENSION ON THE DUCTILITY 
(AS MEASURED BY ELONGATION IN 2%) 

OF ENAMELING IRON WHEN PULLED 
IMMEDIATELY AFTER ELONGATING AND 
AFTER AGING AT 400°F FOR 5 
MINUTES IN AIR. 


Z ELONGATION IN 2° 


PULLED IMMEDIATELY 
Pt PULLED AFTER AGING 


t 
Z ELONGATION IN TENSION 
Fic. 5. 


The practice is to furnish enameling iron as free as 
possible from the chemical elements usually associated 
with iron, such as carbon, manganese, phosphorus, 
sulfur, and silicon. This is done chiefly to minimize 
warpage because generally the lower the content of 
carbon and manganese, when all other variables such 
as flatness and treatment are the same, the less will be 
the tendency to warpage during the enameling. As the 
carbon and manganese increase, the tendency to reboil- 
ing is found to decrease. 

The surface of enameling sheets is an important 
characteristic. To insure proper enamel-slip drainage, 
the sheets should possess appropriate surface rough- 
It is possible, however, for surfaces to be too 
Surface 


ness. 
rough, resulting in excessive slip pick up. 
characteristics also exert an influence on adhesion, but 
the belief in some quarters that ‘‘the rougher the sur- 
face, the better the enamel adhesion’”’ is not substan- 
tiated by experimental data. 

Another important characteristic of enameling iron 
should be its freedom from nonmetallic impurities 
which may lead to difficulties in welding, pickling, or 
enameling. Enameling iron, being highly oxidized, 
generally contains some small oxide inclusions. These 
inclusions, which are plastic at hot-rolling tempera- 
tures, are elongated in the direction of rolling. If they 
are numerous or large, they may lead to difficulties in 
welding, pickling, and enameling. Because the inclu- 
sions are nonmetallic in nature, they make the iron dif- 
ficult to weld and cause difficulty in maintaining an arc 
if the parts are welded electrically before they are 
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enameled. In the pickling operations, these inclusions 
may give rise to blisters, which produce blistered 
enamelware if they are not detected after pickling. 

Enameling iron should also possess freedom from 
warpage, particularly on flatware parts. In addition 
to its chemical composition, an important requisite of 
enameling sheets for flat requirements is flatness. A 
sheet must be flat before it is enameled, if flatness after 
enameling is to be obtained. Suppliers resort to cold 
rolling and, in some instances, to stretcher-leveling to 
control this required flatness. If a flat and ductile 
sheet is needed, the general practice is to cold roll, 
which may be followed by a low-temperature annealing 
to remove the cold-rolling stresses. Where flatness 
without much ductility is required (for example, sign 
stock), a customer usually specifies a stretcher-leveled 
product. 

Uniform gauge of sheet is an important characteris- 
tic. Gauge variation may be a source of breakage in 
press-room operations. The requirements may be of 
such severity that sheets on the light side of the ordered 
thickness would not meet the job without breakage. 
Heavier sheets than specified, however, may exceed the 
die-clearance limitations, causing the metal to shear 
rather than to draw. 

The poor response of enameling iron to box annealing 
was mentioned and illustrated by grain size in an earlier 
part of the paper. Enameling iron not only shows a 
poor response to box annealing but when it is processed 
in this manner, it generally leads to enameling difficul- 
ties. Sheets, furthermore, which receive a box-anneal- 
ing treatment after normalizing sometimes do not 
enamel properly. 


oy wr. 
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box-annealed 
(right) portion of washing-machine tub 
with ‘‘mirror’’-design blisters; 100 X. 


Fic. 6.—(Left) Typical normalized, 


enameling iron; 


In 1930, Rudyard Porter* encountered this enamel- 
ing difficulty in low carbon-rimmed steel supplied to 
the hollow-ware trade. An extensive investigation at 
the time led to the same condition taking place in 
enameling iron. From the results, it was concluded 
that, to enamel satisfactorily, material that is box- 
annealed only following hot or cold reduction should be 
annealed at temperatures not exceeding 1250°F. 
Annealing after normalizing and cold rolling, further- 
more, should be carried out as low as 1000° to 1100°F. 
At higher temperatures, the material showed enamel 
defects, generally copperheads or blisters. 

* Then with the American Sheet & Tin Plate Co. (later 
with the Carnegie-Illinois Steel Corp.). 
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Fic. 8.—Material heated 


7.—Microsection of 
defective material; no abnor- 
mal condition. 


FIG. 


A brief résumé of Porter’s findings may be of in- 
terest. Figure 6 (left) shows the microstructure of a 
typical normalized, box-annealed enameling iron. 
From all appearances, this material would be expected 
to enamel satisfactorily, but defects became evident as 
shown by Fig. 6 (right), which is a portion of a formed 
washing-machine tub containing ‘‘mirror’’-design blis 
ters. This defect is also termed ‘‘curtains’’ by some 
enamelers. A microsection taken from the defective 
material, Fig. 7, revealed no abnormal condition. 

Experimentation with the unenameled material, 
however, revealed some interesting facts. Different 
experiments to approach what actually happened during 
the enameling operation showed that heating the ma 
terial at 1580° to 1600°F. (ground-coat enameling 
temperatures) for 1 to 1'/. minutes gave a micro 
scopic condition shown in Fig. 8. The dark areas (at 
100 and 1000 X) were found to be rich in carbon and 
consisted principally of pearlite. These patches or 
areas, for want of more suitable terminology, were 
called “‘rosettes.’’ It was found furthermore that pro- 
longed heating for three or four minutes (time for firing 
ground coats) caused these carbides to go into solution. 
When ground coats, however, were applied to material 
susceptible to this condition, the oxides in the enamel 
frit at high temperatures combined with some of the 
available carbon to form carbon monoxide and carbon 
dioxide which, as a gas, permeated the viscous enamel 
frit. This resulted in the defects of the nature illus 
trated. 


V. Summary 
The various items discussed may be summarized as 
follows: (1) Enameling iron is a commercially pure 
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1580° to 1600°F. for 1 to minutes; left (100 
right (1000 X). 


iron. (2) Particular attention must be given in the hot 
rolling of this product because of its ‘‘red-short’”’ range. 
(3) As a “‘hot-strip”’ product, enameling iron is not par- 
ticularly ductile and does not possess a good grain struc- 
ture. (4) Asa ‘“‘cold-reduced only” product, enamel- 
ing iron loses practically all semblance of ductility 
and grain size. (5) As a ‘‘cold-reduced, normalized, 
pickled, cold-rolled’’ product, enameling iron shows 
good drawing and enameling properties. (6) Enameling 
iron shows a poor response to box annealing after cold 
or hot reduction; if annealing temperatures exceed 
1250°F. (approximately), ‘‘rosettes’’ usually result 
which cause enameling defects; annealing followed by 
cold reduction, normalizing, pickling, and cold-roll 
treatment must be done at temperatures low enough to 
avoid “‘rosettes.’’ (7) Enameling iron, like mild steels, 
will harden with age. (8) Enameling iron must be 
ductile enough to meet the customers’ fabricating re- 
quirements. (9) Enameling iron must be of uniform 
gauge, flat (where flatness is important), and it must be 
free of excessive warpage. (10) The surface of the 
sheets should be of proper roughness to facilitate proper 
enamel-slip drainage and not impair the drawing qual- 
ity. (11) Enameling iron should be free of nonmetallic 
inclusions which may have a harmful influence on the 
drawing, welding, pickling, or enameling properties. 
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PARTICLE-SIZE DISTRIBUTION OF INGREDIENTS VERSUS BODY PROPERTIES* 


By J. H. KOENIG 


ABSTRACT 


Bodies of the same formula were prepared with the grain-size distribution of certain 


materials introduced as the variable. 


The properties tested include workability and 


castability, flexural strength, elasticity, thermal expansion, and thermal endurance. 


|. Effect of Flint Particle Size on Properties of 
Flint-Clay Mixtures 

The effect of the particle size of flint on the properties 
of flint-clay mixtures was determined for (1) a coarse- 
ground flint (140-mesh), (2) a regular potter’s flint, and 
(3) a very fine-ground flint (99.5% through 325-mesh). 
The particle-size distributions are given in Fig. 1. 
The Andreasen pipette method! was used to measure 
the grain-size of the materials. 
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GRAIN SIZE IN MICRONS 


Fic. 1.—Particle-size distribution of the flint tested. 


The finely ground flint had a considerable number of 
particles less than 1 micron in size (about 6%), whereas 
the regular and coarse flints showed only traces of this 
size. 

An English and an American ball clay were then 
blended with each of these flints. The data for the 
50% English clay-flint mixtures are shown in Fig. 2; 
Fig. 3 gives data for the 50% American clay-flint 
mixtures. 

A noticeable increase occurred in water of plasticity 
with decreasing particle size, but no effect of the 
particle size of flint on the dry strength was evidenced. 
For the same flint grain size, the English ball clay gave 
higher strength, although when it was completely 
deflocculated this clay was coarser grained than the 
domestic clay. There appeared to be a slight increase 


* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 9, 1940 
(Materials and Equipment and White Wares Divisions). 
Received July 1, 1940. 

1G. A. Loomis, “Grain Size of Whiteware Clays as 
Determined by the Andreasen Pipette,” Jour. Amer. 
Ceram. Soc., 21 [11] 393-99 (1938). 
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in drying shrinkage with decrease in flint size, and this 
effect was more pronounced in the American clay. 

The degree of flint subdivision was reflected to a 
greater extent in the fired properties, that is, the finer 
the size of flint, the higher the degree of vitrification. 
The firing shrinkage increased with a decrease in flint 
particle size and at a considerably greater rate in the 
English ball-clay mixtures. The amount of absorp- 
tion fell off and the strength increased in both cases 
with decreasing flint particle size. 

The microstructure of the American ball clay-flint 
mixtures fired to cone 12° are shown in Fig. 4. The 
variations in flint particle size correspond with the size 
found in the microstructure of these bodies. 


Fired Flexural 
Cone 12° 


1200 


R F 
Decreasing Flint Size 


Fic. 2.—Properties versus flint particle size in English 
ball clay-flint mixtures; C, coarse flint; R, regular 
potter’s flint; F, fine flint (825-mesh). 
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Particle-Size Distribution of Ingredients versus Body Properties 


ll. Effect of Flint Particle Size on Properties of a 
Vitreous China Body 

Three bodies of the same formula (cone 12 vitreous 
china body) were prepared using (1) regular potter’s 
flint, (2) one-half regular flint and one-half fine 325-mesh 
flint, and (3) all 325-mesh flint. The data for these 
bodies are presented in Fig. 5. The jiggerman found 
no marked difference in their workability. 

The microstructure of the body containing regular 
potter’s flint is shown on Fig. 6 (A); Fig. 6 (B) shows 
the same body composition except for the replacement 
of the regular flint by the fine 325-mesh flint. 

Figure 7 gives the thermal-expansion characteristics 
of these bodies and shows that as the particle size of 
flint is reduced, the thermal expansion of the body in- 
creases. The smaller the size of quartz, the steeper 
also is the expansion curve. 

The question naturally arises why the body expansion 
is not lowered by greater quartz solution when a finer 
Harkort? 


suggested that coarse quartz cannot fully exert its contrac 


grained size of quartz is incorporated in the body. 
tion and expansion on the clay or the decomposition 
products of the clay surrounding it 
quartz is divided and the more densely the clay is incor- 


The more finely the 


porated with it, the more the quartz will exert these 
properties. 

In work at the National Bureau of Standards,* it was 
observed that bodies containing coarse-grained quartz 


can be completely dispersed and surrounded by the othet 
ingredients, principally clay. The quartz particles, on 
cooling, may shrink away from the surrounding mass of 
the body, leaving a space in which these particles are free 
to expand and contract to a limited amount and therefore 
having only a limited influence on the over-all expansion 
The total differential 
bodies is not sufficient for the quartz to free 


contraction in the fine-grained 


itself, and 


2H. Harkort, ‘Effect of Particle Size of Quartz on 
Properties of Whiteware Bodies,’ Ber. deut. keram. Ges., 
9 [8] 476-89 (1928); Ceram. Abs., 7 [12] 844 (1928). 

3 R. F. Geller, D. N. Evans, and A. S. Creamer, ‘Effects 
of Particle Size of a Potter’s ‘Flint’ and a Feldspar in 
Whiteware,’”’ Bur. Stand. Jour. Research, 11 [3] 327-40 
(1933); R.P. 594; Ceram. Abs., 12 [12] 427 (1933). 
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the quartz therefore can exert a relatively greater influence 
on the bulk expansion. 


There was a slight improvement in thermal endurance 
as the flint size was reduced. Thermal-shock tests 
were conducted on bisque-ware specimens that were 
left in an oven for 2 hr. at 200°C. before testing. The 
test consisted of pouring 50 cc. of water at 25°C. into 
the center of the dish through a hole provided in the 
top of the oven and observing the number of such 
cycles to produce failure. 
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Properties versus flint particle size in American 
ball clay-flint mixtures. 


FiG: 3: 


Fic. 4.—Microstructure of ball clay-flint mixtures fired to cone 125, 475 X; (A) coarse flint; (B) regular potter’s 


flint: 


(1940) 


(C) fine flint (825-mesh). 
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Ill. Variation of Particle-Size Distribution in 
Commercial Potter's Flint 

Samples from 25 carloads of flint were measured 
(for data see Fig. 8). The solid line is the average for 
all tests; the dotted lines represent the maxima and 
minima for distribution intervals for all of the samples 
tested. The agreement of the data from sample to 
sample in a number of cases was quite good, but 
sufficient variation existed to warrant question as to 
whether more uniformity should not be sought. 
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Decreasing Flint Size 
Fic. 5.—Effect of flint particle size on properties of a 
vitreous china body; R, regular potter’s flint; F, fine 
flint (825-mesh); R-~F, one-half of each introduced as 
flint content. 
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IV. Effect of Feldspar Particle Size on Properties 
of a Vitreous China Body 

Another test was made to show the effect of the grain 
size of feldspar in the same vitreous china body. Two 
feldspars were used in this body. The variation in the 
grain-size distribution of these feldspars is shown in 
Fig. 9. The solid lines represent the distributions of 
the samples as received for use, and the dotted lines 
are samples of the same feldspars which received addi- 
tional grinding in the laboratory (72 hr. of dry grinding 
in a small 1-gallon ball mill). 

The properties of these bodies incorporating the feld- 
spars (commercially ground and the more finely ground) 
are given in Fig. 10. There was a slight increase in 
water requirement, dry shrinkage, and dry flexural 
strength. The body containing the finer-ground feld- 
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Fic. 7.—Thermal-expansion characteristics of a 


vitreous china body using flint of various grain sizes; 
R, regular potter’s flint; F, fine flint (825-mesh); R-F, 
one-half of each. 


Fic. 6.—Microstructure of a vitreous china body fired to cone 12%, 475 x; 
(C) fine flint (825-mesh) and fine-ground feldspar. 


flint (325-mesh); 


(A) regular potter’s flint; (B) fine 
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spars evidenced greater vitrification when it was fired 
at cones 1l!and 13%. The firing shrinkage and strength 
were greater for the finer-ground feldspar body and 
there was less absorption. The relative increase in 
strength was greater at the lower temperature, which 
may be significant, i.e., an extension of the firing range. 

Other bodies were prepared containing finely ground 
flint as well as feldspar. These bodies had consider- 
ably greater strength and rigidity and higher thermal 
expansion than the regular body, and they also showed 
greater strength than the bodies in which fine flint and 
regular feldspar or regular flint and fine feldspar were 
used. Figure 6 (C) shows the microstructure of the 
fine (325-mesh) flint fine-feldspar body. 
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Fic. 8.—Variation in particle-size distribution of a com- 


mercial potter’s flint; solid lines, average of 25 tests on 
car samples; dotted lines, maxima and minima variations 
in the distribution interval for all samples tested. 
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dotted lines, the more finely ground feldspars. 
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V. Variation in Particle-Size Distribution of 
Two Commercial Feldspars 

Sixteen car samples of two feldspars received during 
the past year were tested for grain-size distribution. 
These data are given in Fig. 11, in which the solid line 
is the average of all tests, whereas the dotted lines 
represent the maxima and minima for distribution 
intervals for all of the samples. Considerable variation 
is shown in these tests. 


Vi. 


Variation of Particle Size of Kaolin in a 
Vitreous China Body 

Only the grain size of a kaolin was varied in this test. 
The particle-size distribution of the N. C. kaolin is 
shown in Fig. 12 as well as the finer fractions of the 
same kaolin obtained by a different refinement carried 
out to eliminate the coarser grain. 

The body with the fine-grained kaolin had a slightly 
greater water requirement, higher dry strength, and 
higher drying shrinkage; when it was fired it had 
greater shrinkage and strength and a lower absorption 
than the same body containing the coarse-grained 
kaolin. A slight preference was given by the jigger- 
man to the body in which the fine-grained kaolin was 
used. 
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properties of a vitreous china body; solid lines, data on 
body with commercially ground feldspars; dotted lines, 
body with more finely ground feldspars 
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Fic. 12.—Particle-size distribution of kaolins in a vit- 
reous china body; grain size in this case only is expressed 
as cube width; solid lines, kaolin as supplied; dotted lines, 
finer fractionation of same kaolin as used in same body. 
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Vil. Effect of Ball Milling Body Slip 

Specimens were cast from slip ground in a ball mill 
for 24 and 72 hr., respectively. The particle-size dis- 
tribution of solids in the original slip and in the slip 
after 72 hr. of ball milling is shown in Fig. 13. 

The slips were adjusted to similar consistency by the 
use of electrolyte additions. With the additional 
amount of finer grains, or greater surface, the elec- 
trolyte sorption and requirement naturally become 
greater. Progressive electrolyte additions were made 
to the 24- and 72-hr. ball-milled slips, and a continuous 
increase in fluidity and pH followed; the liquefaction 
was carried to similar fluidity. The properties of the 
specimens cast from these slips are plotted on Fig. 14. 
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Fic. 13.—Particle-size distribution of a vitreous china 
body and of the same body ground for 72 hours; solid 
lines, original slip; dotted lines, ball-milled slips. 
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Figure 15 (4) shows the micro- 
structure of a thin section of a 
specimen cast from the original 
slip; Fig. 15 (B) shows a specimen 
cast from the slip which was ball 
milled for 72 hr. The relative 
quartz size and greater homogeneity 
of structure are apparent. The frac- 
ture of the 72-hr. milled specimens 
was much more glassy and homo- 
geneous than the nonmilled slip 
specimens, and the specimens 
milled for 24 hr. were intermediate 
in degree of smoothness and nature 
of fracture. This difference in frac- 
ture was decidedly marked. 

These results may be 
achieved, in part, by using more 
finely ground nonplastics directly in the blunged slip. 


Vill. 


(1) In equal part clay-flint mixtures, the effect of 
flint subdivision appears to be greater in the fired than 
in the dry properties. The fineness of the flint exerts 
a strong effect on vitrification. 

(2) Varying the particle size of the flint incorporated 
in a vitreous china body gives similar results. There is 
no marked difference in workability, and vitrification 
is accelerated by decreasing the flint size. As the flint 
is reduced in size the thermal expansion of the body is 
increased and there is a slight improvement in thermal 
endurance. Although increasing flexural strength may 
augment the endurance, the increase of thermal expan 
sion and of body rigidity simultaneously do not enhance 
this property. 

(3) Increased vitrification may be secured by using 
more finely ground feldspar, but the changes in the 
degree of vitrification by varying the size of the feld- 
spar appear to be relatively less important than those 
effected by varying the flint particle size, especially at 
the normal firing temperature of the body tested. The 
use of finely ground flint and feldspar gives greater 
strength, rigidity, and higher thermal expansion. 
When these finely ground materials are used, the flux 
content may be reduced appreciably and the same degree 
of vitrification may be obtained as that of the regular 
body or the body with normal flux content may be ma 
tured at lower temperature. 

(4) Particle-size measurements on commercial flint 
and on feldspar indicate a considerable variation in 
grain-size distribution from shipment to shipment. 

(5) The substitution of more of the finer fractions 
of the same kaolin in a vitreous china body gives higher 
dry strength and drying shrinkage and, on firing, 
greater vitrification than the same body containing the 
coarser-grained kaolin; workability is improved. 

(6) Ball milling the slip provides a reduction chiefly 
in particle size of nonplastics, and ware cast from such 
slip is more vitreous and possesses decidedly a more 
glassy and homogeneous fracture. The same results 
may be achieved in part by using finer-ground non- 
plastics directly in the blunged slip. 
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Microstructure of specimens showing effect of ball milling of 
x; (A) specimens cast from blunged slip; (8) same slip ball milled 


9 


for 72 hours and fired to cone 12. 
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EFFECT OF WATER CONTENT AND MIXING TIME ON PROPERTIES OF 
AIR-SETTING REFRACTORY MORTARS CONTAINING 
SODIUM SILICATE * 


By R. A. HEINDL AND W. L. PENDERGASI 


ABSTRACT 


The relation was determined between the strength after drying and the water content 
of a fire clay from Ohio, a mix of the fire clay and grog, and this mix containing 25% of a 


solution of sodium silicate. 


ing was determined by the use of the flow table. 


The change in consistency of the latter mix with time of mix- 


The strengths after drying and the 


pyrometric cone equivalents of a Pennsylvania fire clay, to which different percentages of 
two powdered sodium silicates of different soda-silica ratios and water had been added, 


were also determined. 
tested for strength after mixing for ! 


ing, the mortars were soaked for 19 hours. 


2 to 20 hours and drying. 
Some data were obtained on carbonates in 


Four commercial air-setting mortars and the Ohio clay were 


After each 5 hours of mix 


mortars stored in steel drums and those stored in burlap sacks and on the effect of such 


carbonates on the strength of the mortars 


Introduction 

Air-setting refractory mortars containing sodium 
silicate are marketed both in the wet and in the dry 
condition. A variable amount of mixing is necessary to 
remix mortars marketed wet,! depending on the degree 
to which the solids have remained in suspension during 
storage. In the case of mortars marketed dry, how- 
ever, it is necessary to mix them thoroughly with water 
not only to obtain a uniform consistency but also to dis 
solve the sodium silicate. To further this solution, 
some manufacturers recommend a soaking period of 
from 12 to 36 hours before the mortar is used. In 
addition to the extent of the soaking period, the quan- 
tity of water necessary to bring the mortar to the de- 
sired working consistency and the length of time of mix- 
ing are variables which therefore could have a con 
siderable effect on the working properties as well as on 
the strength of the mortar. To determine the effect of 
these variables, tests were made of the strength of 
several mortars after air setting. The results obtained 
are given in this report as well as some data on the 

* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 9, 
1940 (Refractories Division). Received June 13, 1940. 

1R. A. Heindl and W. L. Pendergast, ‘‘Properties of Air- 
Setting Refractory-Bonding Mortars of the Wet Type,” 
Jour. Research Nat. Bur. Stand., 23 [1] 7-38 (1939); R.P. 
1219; Ceram. Abs., 18 [11] 301 (1939). 


change in consistency of the mortars when the time of 
mixing was increased and on the effect on the refrac- 
toriness and strength of changing the content of sodium 
silicate. 


Il. Materials and Tests 

The materials used in the tests were a fire clay from 
Ohio and one from Pennsylvania; a ball clay-kaolin 
grog of approximately 20% porosity; sodium silicate in 
solution of a soda-silica ratio 1:3.86 (6.4% of NasO and 
24.7% of SiOz); two sodium silicates in powder form, 
which had soda-silica ratios of 1:3.2 and 1:2, respec- 
tively; and six proprietary brands of air-setting mor- 
tars marketed in the dry condition. The 1:3.2 dry 
sodium silicate is generally used by manufacturers in 
preparing air-setting mortars even though it is much 
less water-soluble than the 1:2 sodium silicate. 

The grog was composed of (a) 16?/3% of material 
which passed a No. 20 United States standard sieve and 
was retained on a No. 40, (6) 66?/3% which passed a No. 
40 and was retained on a No. 100 sieve, and (c) 16°/3% 
which passed a No. 100 sieve. 


The strength after drying was determined for (1) the 
Ohio clay and water; (2) the 66?/;% Ohio clay, 33'/;% 
grog, and water; (3) the 66?/3% Ohio clay and 331/3% 


grog mix with 25% by weight of sodium silicate in solu- 
tion; (4) the Pennsylvania clay and water; (5) the Penn- 
sylvania clay to which was added water and from 5 to 
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12.5% of one of the silicates in powder form; (6) and 
four brands of air-setting mortars and water. 

The flow-table test is described in the Federal 
Specification SS-C-158? and also in the A.S.T.M. 
Tentative Standard for Masonry Cement, serial desig- 
nation C91-38T.* 

The pyrometric cone equivalent was determined ac 
cording to the A.S.T.M. standard method C24-35.4 

The carbon dioxide content of the proprietary mor- 
tars was determined by the method of Hillebrand.° 

All of the mortars were mixed in a 2-blade kneading 
machine. Separate portions of two of the mortars were 
also mixed in a small mortar box with a hoe to simulate 
conditions used by furnace builders. The consistency 
for troweling was judged by ‘“‘feel.”’ 

The strength determinations were made on bars, 6 by 
1 by 1/4in., which were cured for 48 hr. in a humidity of 
approximately 60% and at 20° to 22°C., then for 18 hr. 
at ordinary temperature and humidity, followed by 27 
hr. in a drying oven at 105° to 110°C. The specimens 
were broken with center loading, and the span was 
usually 5 in, 
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Fic. 1.—The effect of change in percentage of mixing 
water on the strength after drying of three refractory 
mixes made with an Ohio fire clay. For troweling pur- 
poses, the mixes of the clay containing 35% and less of 
water, those of clay and grog containing 21% and less, 
and those of the clay, grog, and sodium silicate con- 
taining 26% and less were too dry. All other mixes 
were satisfactory for troweling except those of the clay 
containing about 59% of water 


In preparing the batches for the study of the effect of 
mixing time, the procedure was to start with as large a 
batch as could be conveniently mixed in the machine 
(20 to 25 lb.). Portions of the batches were taken after 
increasing intervals of time, and test specimens of each 
were prepared. In the study of the effect of different 
percentages of water on the strength of the materials, 
individual batches were prepared for each test. 

2 Cements, hydraulic; General Specification. 

3 Proc. A.S.T.M., 38 [Part I], 731-37 (1938). 

4 Manual of A.S.T.M. Standards on Refractory Ma- 
terials, pp. 538-57 (1937). 

5 W. F. Hillebrand, ‘‘Analysis of Silicate and Carbonate 
Rocks,”’ U. S. Geol. Surv. Bull., No. 700, 285 pp. (1919). 
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To minimize moisture loss and to maintain a water 
content approximately constant, the machine was kept 
covered during mixing. 

The strengths given, with few exceptions, represent 
the average of not fewer than ten specimens. Five of 
these specimens were broken with that surface in com- 
pression which was uppermost when the specimens 
were molded and the other five were broken with that 
surface in tension. This method was used because, as 
pointed out by Heindl and Pendergast,! the strength 
depends to some extent on which of the two surfaces is 
in compression. 

The loss in weight of the mortars dried at approxi- 
mately 110°C. was considered to be the water content 
and is reported in percentage of the dry weight. 


Ill. Results and Discussion 


(1) Effect of Water Content on Strength of 

Specimens 

Figure 1 shows the relation between the water content 
and the strength of the laboratory-prepared specimens 
(mixed for 2 and 5 hr., respectively, and dried), made 
of Ohio fire clay with water; of this clay and grog with 
water; and also of this clay, grog, and a solution of 
sodium silicate with water. 

In five of the six cases, the strength of the mixes 
reached a maximum with a certain water content.® 
The increase to maximum strength with subsequent de- 
crease was the most pronounced in the mortar contain- 
ing the sodium silicate and least in the clay. Each 
mix, however, was far too stiff for satisfactory troweling 
at the consistency at which maximum strength was ob- 
tained. The water content had to be increased by 
several percent to obtain what was considered to be a 
satisfactory troweling consistency. Although insuffi- 
cient data were obtained to reach definite conclusions, 
the results indicate that the working range for good 
troweling was greatest with the clay alone. 

The results show that 5 hr. of continuous mixing of 
the mortar caused some increase in the strength above 
that obtained with 2 hr. of mixing. The average devia- 
tion of the strengths from the mean, computed for the 
values shown in Fig. 1, ranged from 2 to 17%. 


(2) Relation of Flow (Workability), Strength, and 
Time of Mixing of Laboratory-Prepared Mortars 
Figure 2 shows the relation between mixing time and 

flow-table readings of laboratory-prepared mortars Nos, 

| and 2. These mortars, made with Ohio fire clay, 
grog, sodium silicate in solution, and water, differed 

only in the water content, which was 33 and 37%, 

respectively, and although they were not prepared at 

the same time as the clay-grog-sodium silicate mortar 
referred to in Fig. 1, they are alike in composition, 

The graph shows that the strength of mortar No. 1 
was increased from 310 to 800 Ib. per sq. in. simply by 


6 Similar results have been reported in a study of a clay 
and of aclay and grog mixture (see R. J. Montgomery 
and C. E. Fulton, ‘Influence of Varying Water Content in 
a Mixture,” Trans. Amer. Ceram. Soc., 17, 436-49 
(1915)). 
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increasing the time of mixing from 1/, to 7 hr. Al- 
though the mortar increased in strength and the water 
content remained very nearly constant, the fluidity of 
the mortar decreased with time of mixing until it had 
no flow at the end of 7 hr. The consistency of the mor- 
tar was too stiff to permit satisfactory troweling when 
the flow-table reading was below 30. 

The trend in properties for mortar No. 2 was similar. 

For the strength values given in Fig. 2, the average 
variation from the mean ranged from 4 to 24%. 
The highest variations were found with the low strength 
values as was expected. 
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Fic. 2.—The relation of mixing time and flow-table 
readings (workability) of mortars Nos. 1 and 2. The 
values opposite each plotted point represent transverse 
strength in pounds per square inch. The mortars, which 
differ only in water content, were made with Ohio clay, 
grog, and silicate of soda. 


(3) Effect of Two Sodium Silicates, Added in 
Powder Form, on Air-Setting Strength of Mortars 
Figure 3 shows the strength of mortars Nos. 3 and 4 

with varying percentages of sodium silicate after mixing 

periods of 15 minutes and 1 hr. The figures show that 
for either mortar, 5% of sodium silicate was insufficient 
to produce pronounced improvements in strength. 

Mortar No. 3, however, which contained the Pennsyl- 

vania clay and the more alkaline sodium silicate (1:2 

soda-silica ratio), showed an increase in strength from 

less than 100 lb. per sq. in. for the clay without any 

sodium silicate to about 1200 Ib. per sq. in. when 7.5% 

had been added. Mortar No. 4, which contained the 

Pennsylvania clay and the less alkaline silicate (1:3.2 

soda-silica ratio), under the same conditions showed an 

increase to less than 600 lb. per sq. in. The strengths 
of the two mortars were not greatly different, however, 
when 10% or more of either of the silicates was used. 
Mixing for 1 hr. instead of for 15 minutes did not give 
appreciably higher strength, except for that mix of 
mortar No. 4 which contained 10% of sodium silicate. 
For the strength values given in Fig. 3, the average 
variation from the mean ranged from 4 to 15%. 


(4) Effect of Mixing and Soaking Time on Strength 


(A) Ohio Fire Clay: Figure 4 shows the effect of the 
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length of time of mixing and of soaking on the strength 
after drying a mix of the clay and water. Specimens 
were made after '/4, 1, 3, 5, 10, 15, and 20 hr. of mixing 
with an intervening soaking period of 19 hr. after each 
5 hr. of mixing. After 15 minutes of mixing, the clay 
had a strength of 430 lb. per sq. in.; after 5 hr., it had 
increased to 520 lb. per sq. in.; and after 20 hr. with 
soaking periods of 19 hr. after each 5 hr. of mixing, the 
strength of the clay was 690 lb. per sq. in. 

If the specimens were broken with that surface in 
compression which was uppermost when the specimens 
were made, the modulus of rupture was then at least 
10% greater than if that surface was in tension. The 
reverse was noted by Heindl and Pendergast! in their 
study of air-setting refractory mortars. 
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Fic. 3.—Comparative strengths of two laboratory- 
prepared mortars consisting of fire clay and varying per- 
centages of sodium silicate in powdered form and water 
after '/, hr. and 1 hr. of mixing, and then drying. 
Mortar No. 3 contained a sodium silicate of 1:2 soda- 
silica ratio, and mortar No. 4 contained a ratio of 1:3.2. 
The percentages of water are adjacent to the plotted 
strength values. 
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Fic. 4.—The effect of mixing time and of inter- 


mittent mixing and soaking on the air-set strength of 
an Ohio fire clay and 4 brands of air-setting mortars 
of the dry type. After each 5 hr. of mixing, the mortars 
were soaked 19 hr. (overnight). Specimens were broken 
over a 5-in. span except as noted. The percentages of 


water are adjacent to the plotted strength values. 
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For the values given for this clay in Fig. 4, the average 
variation from the mean ranged between 6 and 8%. 

(B) Commercial Air-Setting Refractory Mortars: Fig- 
ure 4 also shows the effect of mixing and of soaking time 
on the strength, after drying, of four proprietary mor- 
tars when the mixing water remained approximately 
constant. Specimens were made after !/o, 2, 5, 10, 15, 
and 20 hr. of mixing. There was, however, an inter- 
vening soaking period of 19 hr. after each 5 hr. of mix- 
ing. The specimens in each case were made from the 
same batch which, after the first !/. hr. of mixing, was 
of a troweling consistency. As the length of the mixing 
time was increased more than 2 hr., the mortars stiff- 
ened gradually, and after 20 hr. of mixing, brand R was 
entirely unsatisfactory for troweling. Many of the test 
specimens, made from mortars B and D, after 20 hr. 
of mixing and 57 hr. of soaking, were discarded because 
they had cracked badly during drying. 

The trends of the strengths of the mortars with 
length of time of treatment are different. Mortar B 
developed its greatest strength with 5 hr. of mixing; 
mortar Z was strongest when mixed !/5 hr.; mortar D, 
which was weaker after mixing for 2 or 5 hr. than it was 
after 1/, hr., developed its greatest strength with 19 hr. 
of soaking and 10 hr. of mixing. 

The strength of mortar R was very low after '/2 hr. 
of mixing and changed little with soaking and longer 
mixing (see Fig. 4). The specimens in this case were 
made about 8 months after the mortar had been stored 
in the laboratory in its original container, a burlap 
or jute sack with a “‘moistureproof”’ lining. 

For the strength values in Fig. 4, the average devia- 
tion from the mean ranged from 3 to 15%. 

Mortar D developed a strength of 2400 Ib. per sq. in. 
and mortar B, 1000 Ib. per sq. in. after 15 minutes of 
mixing with a hoe in a mortar box. An additional 
overnight soaking and mixing for 1/5 hr. with the hoe 
did not change these strengths materially. This is in 
contrast to strengths of 2900 and 2000 Ib. per sq. in., 
respectively, which developed after 1/2 hr. of machine 
mixing. 

The average strength of the mortars was greater when 
broken with that surface in tension which was upper- 
most when the specimens were made than when that 
surface was in compression. The differences in 
strength were 28, 49, 27, and 15%, respectively, for 
mortars B, D, R, and Z. 

This study indicates that it is unnecessary to subject 
air-setting mortars to long soaking periods and that 
long mixing periods may be undesirable. As the prop- 
erties of such mortars apparently vary with mixing 
and soaking time, a definite requirement for such treat- 
ment should be stipulated in specification requirements 
for the air-setting strength of mortars marketed dry. 


(5) Effect of Storage 

The information given in Table I shows that mortars 
stored in iron drums have a comparatively high 
strength, whereas those stored in ‘“‘moistureproof’’ sacks 
have a comparatively low strength. The results of the 
strength tests given in Table I show that, of the mortars 
received in sacks, Z-1, when tested within a week of its 
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receipt, was the only one which had a high air-setting 
strength. After 13 months in storage, however, it had 
comparatively little strength. Mortars H-1 and R-2 
had only moderate strengths after a storage of 7 and 3 
months, respectively. The strength was considerably 
lower in both cases after longer periods in storage. 
The strength of those mortars shipped in metal con- 
tainers, however, was uniformly high after storage from 
2 to 5 years. 


TABLE | 
EFFECT OF STORAGE ON CO, CONTENT AND STRENGTH OF 
MortTARS 


Mortar Stored vena nt Strength 
No. Container months o/; Ib. /in.?) 
B-1 Iron drum 24 0.40 2300 
D 65 0.10 2600 
F-] 24 0.40 1830 
H-1 Sack 7 525 
H-1 = 23 1.10 200 
R-2 3 440 
R-2 si 8 0.70 130 
Z-1 “ 13 1.90 160 
Z-1 0.35 2380 


The results of carbon dioxide determinations on these 
materials after storage indicated that the sodium sili- 
cate in some had probably been largely converted to 
sodium carbonate.’ Visual evidence of the ease with 
which sodium silicate may be converted is the white 
efflorescence or fuzz of sodium carbonate which often 
forms on the face of mortar joints shortly after an in- 

tallation of firebrick with air-setting mortars. 

Although the data are limited, they show that the 
percentage of CO, was significantly greater in the mor- 
tars stored in sacks for any considerable time than in 
those stored in steel drums. In every case in which the 
CO, content was high, the mortar had low strength, as 
illustrated by brand R (Fig. 4), regardless of the mixing 
and soaking time. 


7 Vail points out the desirability of metal containers for 
the storage of sodium silicate because of the absorption of 
carbon dioxide (see J. G. Vail, Soluble Silicates in Indus- 
try, p. 161. Chemical Catalog Co., Inc., 1928; Ceram. 
Abs., 8 [4] 308 (1929)). 


29> 1640 
28 MORTAR 4 
27+ 
FS 26+ 1/600 
~ 23 
(560 
20} | 
a /9 t t \ 420 
be) 
/8 r | | 
1480 


SILICATE OF SODA, ORY, PERCENT 


Fic. 5.—The P.C.E, of the 1-hr. mixes of mortars Nos. 3 
and 4 (see Fig. 3 for details of mixes). 
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(6) Pyrometric Cone Equivalents 

Figure 5 shows the P.C.E. of the laboratory-prepared 
mortars, Nos. 3 and 4. They were mixed for 1 hr. and 
contained varying percentages of sodium silicate added 
originally in powder form. The P.C.E. of the mortars 
decreased with increasing amounts of sodium silicate, 
the rate of decrease being greater the higher the per- 
centage of soda. The mixes containing the silicate of 
the higher soda-silica ratio were from 11/5 to 3 cones 
lower in refractoriness than those containing compar- 
able percentages of silicate of the lower soda-silica ratio. 

Although the data are not given, there was a tendency 
for the majority of the 15-minute mixes to be about one 
cone lower in refractoriness than those mixed for 1 hr. 


IV. Summary 


Various properties of a fire clay from Ohio and one 
from Pennsylvania and of six proprietary brands of air- 
setting mortars were determined. 

For mixtures of (1) water and Ohio clay, (2) Ohio 
clay and grog, and (3) Ohio clay, grog, and silicate of 
soda in solution, the strengths after drying first in- 
creased and then decreased as water was added to 
change the consistencies from a very stiff to a somewhat 
fluid state. At maximum strength, however, these 
mixtures were far too stiff for troweling. The mix 
containing the silicate of soda showed increased strength 
but decreased workability as the time of mixing was 
increased from 2 to 5 hr. 

Mortars were prepared, using the Pennsylvania fire 
clay with varying percentages of dry sodium silicate 
and water, to produce a troweling consistency. Two 
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silicates with soda-silica ratios of 1:2 and 1:3.2 were 
used. The clay without sodium silicate had a dry 
strength of about 100 Ib. per sq.in. Additions of 5 and 
12.5%, by weight, of the sodium silicate with the soda- 
silica ratio of 1:2 increased the strength to 600 and to 
2500 Ib. per sq. in., respectively. Additions up to 7.5% 
of the silicate of the 1:3.2 soda-silica ratio produced 
comparatively small increases in strength to about 500 
lb. per sq. in. Above 7.5%, however, the mixes com- 
pared favorably in strength with those containing the 
more alkaline silicate. 

The P.C.E. of the mixes containing the dry sodium 
silicate of the 1:2 soda-silica ratio ranged from 11/2 to 3 
cones below those containing equal percentages of the 
silicate of the 1:3.2 soda-silica ratio. 

The results of strength tests made on three brands of 
air-setting mortars after mixing for various periods up 
to 20 hr., with intermittent overnight soaking and 
maintaining the water about constant, showed distinct 
differences in strength with various mixing times. 
One had maximum strength after 5 hr. of mixing; one 
decreased in strength after the first !/2 hr., although the 
decrease was negligible; and one was weakest after 2 hr. 
and strongest after 10 hr. of mixing. 

Specimens made from mortars stored in sealed iron 
drums were relatively strong after storage from 2 to 5 
years, whereas those specimens prepared from mortars 
stored in burlap or jute sacks lined with ‘‘moisture- 
proof’’ paper were weak after only 3 months of storage, 
and they also contained appreciably more carbonate 
than the former specimens. 
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RECIRCULATING AIR HEATING APPLIED TO CERAMIC DRYING * 


By Roy HUMMEL AND ROBERT TWELLS 


ABSTRACT 


The development of special furnace equipment and modern low-sulfur fuels makes it 


possible to use their products of combustion for drying many types of ware. 


In recircu- 


lating air heating, the fuel is burned in an external heater, and the products of combus- 


tion are mixed with air to dilute them to the desired temperature. 
gases is recirculated rapidly through the drier by an external fan. 


The hot mixture of 
Fresh hot gases are 


added from time to time in sufficient amount to replace a small volume exhausted from 


the drier stack and to maintain the drier temperature. 


air heating to ceramic drying is described 


|. Introduction 


Waste heat from furnaces or from exhaust steam is 
the cheapest source of energy for drying. In ceramic 
plants where waste heat is not available or not appli- 
cable with economy, heat must be generated for the 
drying processes. The cheapest method, from a stand 

* Presented at the Forty-First Annual Meeting, The 
American Ceramic Society, Chicago, IIl., April 19, 1939 
(Materials and Equipment Division). Received May 38, 
1940. 


The application of recirculating 


point of economy, is the application of the products of 
combustion directly to the ware being dried. 

The use of live steam for low-temperature drying is 
costly. The rate of heat transfer from steam to air is 
low and requires a large amount of pipe-coil. The 
over-all efficiency of the process is seldom more than 
30 to 35% 

The indirect application of the products of combus- 
tion in the direct-radiation type of drier is the method of 
combustion drying commonly used in ceramic processes. 
The heat in this case must pass through the walls of 
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tubes or tunnels by conduction and then to the ware 
by radiation and convection. The difficulty of appli- 
cation and the over-all low efficiency may actually make 
this method more expensive than the use of live steam. 

Direct combustion has been used for drying some of 
the lower grades of ware, but it has not come into gen- 
eral use because of the types of fuel commonly available. 
Some fuels, high in sulfur, give off combustion gases 
which tend to corrode metal drier furniture and to dis- 
color the ware when they are applied directly in the 
moist atmosphere of a drier. Wood, being cleaner 
than other solid fuels, has been used directly as a fuel 
in auxiliary furnaces to supplement waste-heat drying. 
During recent years, there has been a marked develop- 
ment of fuels that are cheap, clean, free from objec- 
tionable impurities, and easy to apply and control. 
Gaseous fuels are especially suitable, and natural gas, 
practically sulfur-free, is being supplied in many cases. 

As a result of the development in fuels, furnaces for 
heating processes up to 1250° F. have undergone radical 
changes in design. At the present time, many indus- 
tries are using products of combustion directly in a 
wide variety of low-temperature heating operations. 
Some of these operations are core and mold baking; 
roasting meats; baking bread; annealing and decorat- 
ing glass; japan paint lacquer and enamel drying; 
lithographing; rubber curing; drying insulating var- 
nishes on electrical equipment; and drying paper, food 
textiles, raw fibers (cotton), various chemicals, porce- 
lain enamels, and clay products. 

The process, which is called convection or recirculat- 
ing air heating, has successfully met conditions of rapid 
heating, sensitive temperature control, and uniformity 
of temperature, combined with thermal efficiencies as 
high as 85 to 95% of the theoretical B.t.u. value of the 
fuel. 


Il. Recirculating Air Heating 

The principle of recirculating air heating involves the 
movement of large volumes of heated gases about the 
object to be heated, recirculating the partially cooled 
gases once more in closed circuit through the same 
source of heat and back over the object to be heated. 
A circulation of sixty changes of furnace atmosphere 
an hour is not unusual in this method of heating, while 
adding the equivalent of only five fresh air changes in 
the same amount of time. 

The principle of convection (recirculating air heating) 
has been widely used in ceramic driers with steam as the 
heating medium, the coils and circulating fans being 
located within the structure of the drier. The trend 
in other industries! is to use liquid or gaseous fuels and 
to locate the circulating fan and source of heat outside of 
the drier or furnace even when steam is used. 

The source of heat is usually a gas-fired heater of high 
efficiency and rugged construction, burning natural, 
artificial, or butane gas or their mixtures (Fig. 1). 
The common practice is to mount one or more direct 


1L. R. Nourie, ‘Application of Circulated Air Heating 
to Industrial Gas Installations.’’ Unpublished address, 
Eastern Natural Gas Regional Sales Conference, American 
Gas Assn., Pittsburgh, Pa., March, 1933. 
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heaters externally on the furnace to supply products of 
combustion diluted with heated air directly to the cir- 
culating fan. The moisture present in the atmosphere 
due to combustion is usually so small an amount as to 
have no effect on drying. The moisture due to com- 
bustion in one case is reported to be 1.7% of the ab- 
sorption capacity of the circulating air.? 


Gas 


-- Burner 


Outlet |) 


Fic. 1.—Diagrammatic sketch of a gas-fired heater 
for supplying diluted products of combustion directly to 
a drier. 


In extreme cases where the furnace atmosphere must 
be absolutely free from combustion gases, an indirect 
type of exterior heater is used, but the resulting over-all 
efficiency is reduced to about 55 to 65%. 

Ill. Applications of Recirculating Air Heating to 
Ceramic Drying 


(1) Enamel Drying 


Several tunnel and room types of driers in operation 
utilize recirculating air heating for drying enamels. In 
the tunnel-type drier, the wet coated parts pass through 
on a conveyer. In one such installation, air is forced 
through an indirect or ‘‘automobile radiator’’ heater to 
ducts in the drier, and a considerable portion of the air 
is recirculated. Another type of tunnel drier uses a 
direct heater, wherein the products of combustion are 
cooled and diluted by the addition of air, and the main 
portion is recirculated after passing through the drier. 
At least two such driers use the products of combustion 
from an external oil-fired heater, the oil used being low 
in sulfur. Some installations for drying enamels by 
recirculating air heating utilize the products of com- 
bustion from enamel furnaces operating at 1500° to 
1600°F. The products of combustion are cooled to 
about 250°F. by the addition of air before being intro- 
duced into the drier. A one-room type drier with an 
external gas-fired heater is being used to dry ground and 
cover coats on sheet-steel panels. The drier holds five 
truckloads of panels. Each truckload is in the drier 
for 15 minutes at 185°F. The heater burns 310 cu. ft. 
of 580 B.t.u. artificial city gas per hour at a total cost 
for gas of $0.097. 


2C, F. Mayer, ‘‘Moisture Due to Combustion and Its 
Effect on Drying,’ Ind. Heating, 6 [6] 535, 537-40, 562 
(1939); Ceram. Abs., 18 [9] 250 (1939). 
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(2) Insulator Drying 

One drier uses the products of combustion from burn- 
ing natural gas to dry spark-plug insulator blanks. The 
drier consists of two chambers, the first being main- 
tained at a lower temperature and a higher humidity 
for the slow initial drying and the second at a higher 
temperature and a low humidity for the final drying 
stage. The wall construction (Fig. 2) is cheap, but it is 
heavily insulated to conserve heat. Figure 3 shows the 
operation of the fans and heater. The hot room, fan, 
and ducts operate as a closed circuit. The fan forces 
air through ducts in the side of the chamber and with 
draws air from a duct at the top (Fig. 4). Some air is 
constantly being added to the circuit from the heater, 
but the heater operates only to the extent it is needed to 
maintain a given temperature, which is set on a ther- 
mometer controller in the chamber. The low-tempera- 
ture room also operates with a separate fan as a closed 
circuit, bleeding a little heated air from the hot room 
and exhausting a small volume to the stack. The inlet 


-- Ce/lotex 
WS 
Asbestos paper- 
fi 
Nue--Asbestos tlex hoard 
: -° “ 
Rock woo! 
AN 
-Wood joist 
Fic. 2.—Deta |! of drier wall construction. 


Zone No./ Zone No.2 


Fic. 3.—Diagrammatic sketch showing the location of 
the heaters, fans, and ducts and detail of circulation of 
drier atmosphere 
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and outlet dampers are kept nearly closed at all times. 
The high-capacity fans, operating in closed circuit, 
circulate the atmosphere in each drier from 25 to 45 
times per hour, resulting in rapid and uniform heating. 


(3) Construction and Operation Data 


Dimensions 
Room No. 1 


Room No. 2 


Inside Inside 


Outside Outside 
Length 29 ft. 6 in. 29 ft. 22 ft. 6 in. 22 ft. 
Width 17 ft. 6 in. 17 ft. 17 ft. 6 in. Li it. 
Height 8ft.6in. 7ft.10in. S8ft.6in. 7 ft. 10 in. 


Volume 3860 cu. ft. 2930 cu. ft. 


Capacity 
No. of trucks 24 16 


No. of blanks 168,000 112,000 
Weight of blanks (Ib.) 27,500 18,300 
Drying cycle 

Moisture in ware (%) 
At entrance to drier 14.0 
Leaving room No. 1 at end of 24 hr. 2.25 
Leaving room No. 2 at end of 24 hr. 0.2 (chalk white) 
Heater 


Type: Surface combustion A O P 250. 

Capacity: 250,000 B.t.u./hr.; 250 cu. ft. 
B.t.u. gas at 6 in. of water pressure. 

Fuel: Natural gas from Ohio or West Virginia, sulfur 
content negligible; B.t.u. value calculated wet, 1038 and 
dry, 1050; cost, $0.45/1000 cu. ft. 

Products of combustion: CO, 1.063, H:O 1.991, and Ne 
7.82195 equals 10.87595 or the volume in cubic feet at 
60°F. obtained from burning 1 cu. ft. of gas. 


‘hr. of 1000 


Condition of system at various points ; 
Tempera- Humid- 
ture ity 
(°F.) (%) 
Gases leaving heater 500-700 
Gases leaving duct in room No. 2 280 


Room No. 2 185 Negligible 
Room No. 1 (ware first loaded) 100 68-70 
Room No. 1 (at completion of 24 hr. 
drying 145 19 
Analysis of atmosphere in room No. 2 
(%) 
CO 0.8-1.2 
Oz 19, 2-20.4 
CO 0 0 
No Difference 
Fans 
Room 
atmos- 
Fan phere 
capacity circu- 
(cu. ft./- lates 
Type R.p.m., min.) times/hr 
Room No. 1 Clarage No. 11 1370 1620 25.4 
Room No. 2. Clarage No. 11 1430 2100 45.3 
Cost of operation of drier 
Gas 130 cu. ft./hr. $0.06 
Electricity Fan No. 1 (11/4¢ kw.-hr.) 0.02 
Electricity Fan No. 2 (1!/4¢ kw.-hr.) 0.02 
Total cost /hr. $0.10 


Safety Equipment: In a gas-operated drier of this 
type, safety equipment must be adequate and certain 
in operation. The system must be guarded against 
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(1) power failures in all circuits, (2) slippage of belt on 
fans, and (3) failures of fans, of combustion, of gas 
system, of pilot burner to light, and of temperature con- 
trol unit to turn off gas at the maximum temperature. 
Figure 5 shows a sketch of the safety equipment. 


IV. Conclusions 


The products of combustion from modern low-sulfur 
fuels in many cases may be used directly for drying 
ceramic ware without damage to it or to the drier 
furniture. The products of combustion mixed with 
air should be recirculated rapidly through the drier. 
The high efficiency of this method of heat application in 
a well-insulated oven will bring about its wider use in 
applications for temperatures up to 1250°F. 
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BRICK-MEASURING DEVICE* 


By GILBERT E. SEIL 


ABSTRACT 


A brick-measuring device which is rapid and accurate to 0.0005 in. is described. 


I. Introduction 

Accurate measurements of the dimensions of a brick 
are needed for the determination of certain constants, 
such as expansion or shrinkage on removal from the 
press mold, air drying, oven drying, and firing. These 

* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 10, 
1940 (Refractories Division). Received July 1, 1940. 
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measurements were formerly made with a vernier cali- 
per. Accurate readings required the use of a magnify- 
ing glass, it was difficult to place the calipers in proper 
positions, and the task was tedious and expensive be- 
cause of the abrasive action of the material on the stops 
of the calipers. The device described in this article 
eliminates the difficulties and the inaccuracies of the 
former method. 
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ll. Description of Apparatus 
The apparatus consists of a gauge attached by means 
of a sliding clamp to an accurately machined stainless 
steel bar mounted on a plate of the same material. 
Figure 1 is an assembly drawing of this brick-measur- 
ing device. 


Fic. 1. 


The gauge is a dial indicator with fully jeweled bear- 
ings, a lifting lever, adjustable bracket, double dial, 
and telltale. The dial reads from 0 to 100 and each 
division represents 0.001 in. The telltale reads from 
0 to 10 and each division represents 0.1 in. The travel 
of the indicator contact point is 1 in., and the hands 
read zero when the contact point is extended !/, in. 


lll. Operation of Gauge 

A bar of known length at a set temperature (e.g., 
9.000 in., to measure the length of a 9-in. brick) is placed 
between the contact point of the gauge and the stop on 
the shorter bar, and the sliding clamp is adjusted to 
give a zero reading on the gauge. The clamp is tight- 
ened and a final adjustment, if necessary to give a zero 
reading, is made at the dial face, thus establishing the 
distance between the two contact points. The brick is 
placed between the points as shown in Fig. 2, the indi- 
cator point is allowed to touch the brick, and the dial 
reading is noted. This reading in inches is added or 
subtracted from the standard bar length to obtain the 
length of the brick. The width and thickness of the 
brick are determined in the same manner, using bars of 
suitable lengths to establish the position of the sliding 
clamp. 

Standard bars, varying in length from 1 to 9 in., 
render the device useful for measurement of any object 
within this dimensional range. 
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Caution: The brick must be placed squarely against 
the longer bar and firmly against the stationary stop 
foreach measurement. Any errors are due to improper 
placement of the brick between the stops or to incor- 
rect readings of the dial. 


Fic. 2. 


IV. Conclusions 

(1) The advantage of this instrument lies in its ease 
of operation and the ability to take accurate readings 
in one-half the time required in measuring with calipers. 

(2) The accuracy! of the apparatus is dependent on 
the accuracy of the standard bar length, the proper 
placement of the brick between the contact points, and 
the accuracy of the operator. With a reasonable 
amount of care, the error on each measurement does 
not exceed +0.0005 in. 
E. J. LAVINO AND COMPANY 


NORRISTOWN, PENNSYLVANIA 


1 Editorial Comment: The accuracy of the method de- 
pends on the accuracy of the standard bar length, but 
the change of length of the standard bar with tempera- 
ture may cause an error greater than the 0.0005 in., which 
the author states is his accuracy. For example, if the 
standard bar is steel, a change of 20°F. between summer 
and winter would change a 9-in. length by 0.0012 in.; 
if the bar is stainless steel, the change would be 0.0018 in. 
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A NEW SLAG TESTING FURNACE* 


By J. C. MCMULLEN 


ABSTRACT 


A compact furnace is described for testing the action of slag on a section of a standard 


9-in. brick up to temperatures as high as 1600°C. 
in diameter, is fed automatically so as to melt and drip directly on the test brick. 


Slag, in the form of rods, !/2 inch 
After 


running down the face of the brick, the slag is caught in sand on the furnace bottom. 
On completion of the test, the test piece, spent slag, and sand are easily removed, leav- 


ing the furnace clean. 


The controllable conditions are degree and uniformity of tem- 


perature, atmosphere, slag composition, rate of slag application, and slag drainage from 


the sample. 


I. Introduction 

A number of methods have been used in the past 
to test the resistance of refractories to slag at elevated 
temperatures. None of these, however, has met with 
universal approval. The difficulties encountered in 
making a slag test are due chiefly to the many factors 
that must be controlled if the results obtained are to be 
useful. If a small amount of slag, for instance, is 
placed on a brick and heated, the composition of the 
slag changes during the test because of the solution 
of the refractory. Thus, theoretically at least, for only 
a few moments at the beginning of the test is the com- 
position of the slag known. When a large quantity of 
slag is used, the problem of finding refractory con- 
tainers that will not be attacked must be considered. 
A study of fusion temperatures of cones made of slag- 
refractory mixtures gives a qualitative test in which 
such factors as the porosity, particle size, and other 
structural properties of the refractory are disregarded. 
The method whereby slag is impinged on the face of 
refractories, either through the burner or by an auxiliary 
air blast, is more nearly simulative of service condi- 
tions. Although this method gives a source of fresh 
slag at all times, there are several objectionable features, 
such as loss of slag as dust through the stack, the ne- 
cessity of frequent rebuilding because of erosion to the 
furnace, and the high cost of operation owing to the 
amount of fuel and number of test brick necessary for 
each run. 

The numerous methods of testing the action of slag 
on refractories which have been used are reviewed in 
three published bibliographies. An article by Fergu- 
son! in 1928 summarized the work published since the 
beginning of laboratory slag testing in 1901. A later 
paper by Simpson? in 1932 reviews and classifies the 
literature to that date, and in 1937, Dodd,’ after dis- 
cussing methods used by different investigators, con- 


* Presented at the Forty-Second Annual Meeting, The 
American Ceramic Society, Toronto, Canada, April 10, 
1940 (Refractories Division). Received April 26, 1940. 

1R. F. Ferguson, ‘Review of Literature on Laboratory 
Slag Tests for Refractories,” Jour. Amer. Ceram. Soc., 11 
[2] 90-98 (1928). 

2H. E. Simpson, ‘Classified Review of Refractory 
Slag Tests,” zbid., 15 [10] 536-44 (1932). 

3A. E. Dodd, ‘‘Action of Slags on Refractories and 
Some Methods of Testing,’’ Trans. Ceram. Soc. [England], 
36 [2] 63-73 (1937); Ceram. Abs., 16 [9] 275 (1937). 
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cluded that the chief difficulty encountered in labora- 
tory slag tests is in the reproduction in the laboratory 
of actual working conditions, or, conversely, the quan- 
titative measurement of results obtained. These bibli- 
ographies furnish a comprehensive picture of the status 
of slag-test methods and apparatus. 


ll. Development of Test 


(1) Requirements of Slag Test 

The slag furnace and method of testing described 
herein is an effort to produce a universal test in which 
the following conditions may be carefully controlled: 
(a) degree and uniformity of temperature, (b) rate of 
heating and cooling, (c) atmosphere, (d) slag com- 
position during the test, (e) slag viscosity during the 
test, (f) rate of slag application, and (g) complete slag 
drainage from the sample. 

By keeping these factors under control, it is believed 
that conditions to which any refractory is subjected 
in service may be simulated in the laboratory. Thus, 
by a simple test, data may be obtained from which to 
predict whether or not a particular refractory will be 
suitable for a particular job. 


(2) Features of New Furnace 

Recent improvements in materials for furnace con- 
struction have made it possible to design a furnace 
which seems to meet the requirements as set forth. 
By heating electrically with nonmetallic elements, tem- 
peratures up to 1600°C. may be obtained and easily 
controlled, and any heating and cooling schedule can 
be accurately repeated when it is once established. 
The test chamber, moreover, is kept free from com- 
bustion products, thus permitting the introduction of 
other gases to produce any atmosphere desired. To 
keep the slag from coming in contact with and contam- 
inating the furnace or the heating elements, it is 
introduced in the form of rods rather than by dropping 
or blowing it in. 

In order to form the desired rods, finely ground slag 
is mixed with a temporary binder and water and is 
then extruded into paper tubes, 1/2 inch in diameter 
and 14 in. long. When dry, these tubes are fed auto- 
matically into the furnace at a predetermined rate 
through a fused-cast refractory tube. The slag melts 
as it leaves the tube and drips onto a test piece inclined 
at an angle of 30 degrees. The active slag runs down 
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the face of the test piece, corroding as it goes, and 
finally drips into sand on the furnace floor, thus keeping 
the furnace itself clean throughout the run. More than 
sixty tests have been made with the present furnace, 
and at no time has the slag come in contact with the 
walls or the heating elements. When the test is com- 
pleted, the sand, spent slag, and test brick are removed 
through a trap door at the bottom of the furnace. 


lll. Design of Furnace 

Figure 1 shows the details of furnace construction. 
The size is such that it will accommodate a test piece 
which can be cut from a standard 9-in. brick. In the 
9- by 9- by 10-in. chamber are located the slag feeder 
tube, the tube for the thermocouple or optical pyrome- 
ter sighting, the test piece, and the support for the 
test piece. Figure 2 shows the furnace and the feeder 
mechanism. 


HAN 
SIL-O-CEL BRICK 
FIRECLAY BRICK 
ALUMINA INSULATING = 
BRICK 
HEATING ELEMENT 
THERMOCOUPLE 
TUBE 


SUPPORT! 


NOTE 

WATER COOLED TERMINAL 
FOR HEATING ELEMENTS 
NOT SHOWN 


Fic. 1.—Furnace construction. 


Fic. 2.—Furnace and feeder mechanism. 


The walls of the furnace consist of 2'/-in. alumina 
insulating brick, backed up with 2'/.-in. insulating fire- 
brick and 2!/»-in. Sil-O-Cel brick, all laid up in a high- 
grade silicate cement. The shell is * ned of No. 10 
gauge sheet iron, held in place by °~ by !/,-in. 
angle-iron frame. The construc e furnace 
cover is similar to that of the fur1 A peep- 
hole in the cover and one in the front side of the fur- 
nace enable the operator to observe the test specimen 
as the test proceeds. The bottom portion of the furnace 
is filled with sand which holds the support brick for the 
test piece in place and also catches the spent slag. A 


trap door of 1/,-in. iron completes the bottom of the 
furnace and permits the easy removal of the sand, slag, 
and test piece and its support when the test is com- 
pleted. This door can be opened as soon as the tem- 
perature drops sufficiently to freeze the spent slag. 
An alternate bottom construction may be used, whereby 
tests can be made over a long period of time and the 
slag can be drained continuously. The bottom in 
this case can be made of brick, similar in composition 
to that being tested, and built in the form of a depres- 
sion having a hole in the center to permit continuous 
slag drainage. 

The tests in most cases have been run for one or two 
hours only because during this time a measurable 
amount of erosion has taken place. With the sand 
bottom as shown in Fig. 1, about 3 lb. of slag can be 
collected before its level rises high enough to attack the 
furnace walls. 


Fic. 3.—Slag-feeder mechanism. 


The slag-feeding mechanism delivers the slag rods 
automatically at any predetermined rate, from 1/4 to 
2 in. per minute. This amounts to about 2!/2 lb. of 
slag in a two-hour test at top speed. Figure 3 shows 
the slag-feeder mechanism at the point where the 
pusher rod is returning, after having finished pushing 
one rod of slag forward. When the pusher rod has re- 
turned completely, another slag rod drops in place 
and moves forward immediately. 


IV. Operation of Furnace 
(1) Power 


The present furnace is supplied from a tap trans 
former, having a range of 55 to 110 volts in 1-volt 
steps. Heating elements are available, however, which 
would permit the use of a 110-volt line with a make- 
break contact or rheostat arrangement. A power input 
of about 10 kw. is required to maintain the maximum 
temperature of 1600°C. Figure 4 shows a typical heat- 
ing schedule for testing a fire-clay refractory. 


(2) Preparing the Sample 

A piece, 31/2 in. long, cut from a 9-in. brick, forms 
the test piece, which is 21/2 by 31/2 by 4!/2in. To sup- 
port this piece in the furnace, one end of a high-alumina 
fire-clay brick is cut at an angle of 30 degrees (Fig. 1). 
This type of support has been found satisfactory for all 
tests except those made on basic mixes. A magnesia 
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New Slag Testing Furnace 


brick in this case may be used as a support. The test 
piece is cemented to the support with a suitable ma- 
terial, such as a silicate cement, refractory clay, or 
caustic magnesia, depending on the composition of 
the test specimen. After it is dried, it is ready to place 
in the furnace. 


(3) Placing Test Support and Sample 

The furnace cover and thermocouple tubes are re- 
moved to allow the sample to be placed. An inch or two 
of sand is poured in the furnace, and the support brick 
and sample are placed on this directly under the fused- 
cast slag feeder tube. When this is done, more sand is 
poured around the support and cupped out by hand to 
form a depression to catch the molten slag that ac- 
cumulates during the test. The thermocouple tube and 
top cover are then replaced, and the furnace is ready 
for heating up. 


(4) Slag Rods 

Each type of slag works differently, and methods had 
to be worked out for each as the case required. For ex- 
ample, the basic open-hearth furnace slag, even when it 
was finely milled, did not have sufficient plasticity 
for extrusion. This difficulty was overcome by adding 
2% of lime to the slag. As this slag already contained 
a large percentage of lime, the other components, such 
as AloO3, MgO, SiOs, and Fe.O3, were also added to 
restore the proportion of the constituents originally 
present in the slag. Hydraulic setting materials, such 
as Portland cement, are made into rods by pouring into 
rolled tubes of waxed paper; iron tubes are not neces- 
sary. The paper is left on the rods and burns off as the 
rod enters the furnace, thus admitting few or no com- 
bustion products into the furnace. In the case of 
glass, 1/s-in. rods of numerous compositions may be 
purchased or made to order. 


2 1500}— 
a 
© 1000 
wo POWER |INPUT DURING 
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| 
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Fic. 4.—Typical heating schedule for fire-clay refrac- 
tories test. 


(5) Running a Test 

The furnace is heated at a desired rate and held 
at the temperature chosen. The slag rods, cut to the 
proper length, are put into the feeder, and the feeding 
mechanism is started. Little attention is necessary 
during the test, and there is ample opportunity for the 
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operator to watch the action of the slag through a 
dark glass. To obtain the best results, the slag should 
be fed sufficiently fast so that it starts to melt just as it 
leaves the feeder tube above the test piece. If it melts 
sooner, this tube becomes unnecessarily eroded and its 
useful life is shortened. The last slag rod is followed 
up by a dummy, consisting of a !/.-in. diameter wood 
dowel stick so that the feeder tube will be open for the 
next test. 


(6) Removal of Test Piece 

At the end of the test, the temperature is maintained 
for about five minutes to allow the excess slag to flow 
from the face of the test piece. The power is then shut 
off, and when the furnace is sufficiently cool, the trap 
door at the bottom of the furnace is opened, and the 
sand, the spent slag and support, and the test piece 
are removed. 


V. Results 
The degree of erosion is determined by measuring 
the depth of the trough which the slag has cut in the 
The penetration can be found by breaking 


test piece. 
Owing to the 


the test piece across the slagged portion. 
short time the furnace has been in use, no attempt has 
been made to correlate the results with the behavior 
of duplicate refractories in service. The results shown 
by a number of samples, however, indicate that such a 
correlation is to be expected. 


Test brick. 


5: 


Figure 5 shows several of the brick tested, and 
a description of these brick is given in Table I. 


TABLE I 
Depth of 
Temp. erosion 
Test piece Slag (°C.) Une.) (cm.) 
(1) Fire clay 65sodaash 1400 2 0.08 
35 flint 
(2) Soda-lime 1500 2 0.83 
glass 
(3) Portland 1600 1 6.44 
cement 
(4) Commercial Soda-lime 1550 2 0.14 
glass tank glass 
block 
(5) Duplicate Soda-lime 1550 2 0.14 


tank blocks glass 


Other materials that have been used successfully as 
slags in this furnace are commercial soda-lime glass 
rod, raw soda-lime glass batch, basic open-hearth 
slag, Portland cement, synthetic coal-ash slag, and 
iron rod. 


| 
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Conclusions 


Vi. 


The slag test described has the following advantages: 
(1) it has a wide range of applicability, yet it is eco- 
nomical, rapid, and easy, and the apparatus required 
is compact; (2) it permits the use of a specimen which 
retains the original surface and physical properties of 
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the brick; (3) it gives reproducible results; and (4) 
it makes possible the testing of slag resistance under 
conditions controlled with respect to temperature, at- 
mosphere, slag composition, slag viscosity, rate of flow 
of slag, and complete removal of slag. 
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MELTING OF STEEL AND ALLOYS* 


By J. H. CHIVERS 


ABSTRACT 


A discussion is presented of (1 


the types of refractories used in an electric arc-melting 


furnace, (2) the furnace construction, (3) the effect of voltage variations and of slag com- 


position, and (4) the furnace shell construction. 


The effect of voltage variations on lining 


life is important, and the use of sillimanite rings at the electrode openings is helpful in 


some furnaces. 


|. Introduction 


(1) Refractories Used 

The type of lining used in an electric furnace depends 
on whether or not the slag (1) is high in silica (acid 
practice) or (2) carries excess calcium oxide (basic 
practice). In acid practice, the bottom and side walls 
are of silica brick with a monolithic hearth of sand or 
ground ganister. In basic practice, the bottom is 
built with magnesite brick up to two or more courses 
above the foreplate and the side walls are built with 
silica brick or, in some cases, with Metalkase magnesite 
brick. The furnace hearth consists of a sintered basic 
material, dead calcined magnesite, or double calcined 
dolomite. In both acid and basic practice, silica-brick 
roofs are used most extensively because of their strength 
and rigidity at high temperatures. 


Furnace Construction 


(1) Bottom 

The bottom should be laid very tight to prevent 
metal cutting through the monolithic hearth. The 
brick in the side walls should either be laid loose or 
with expansion joints to allow about */;. inch per foot 
of expansion. 


(2) Roof 

On continuous operation, the roof has an up-and- 
down motion from one heat to another, owing to con- 
traction and expansion, which causes some spalling of 
the silica brick. One of the most important factors 
in the construction of the roof to lessen spalling is to 
have the proper pitch for any given diameter. 

Superduty fire-clay brick are used to advantage 
when the life of silica roofs is reduced by spalling to 


* Presented at the Autumn Meeting, Refractories Di- 
vision, Conneaut Lake, Pa., September 9, 1939. Received 
September 26, 1939. 


relatively few intermittent heats. Under these condi- 
tions, the use of fire-clay roofs may result in lower cost 
per ton of metal melted regardless of first costs. 

Superduty fire-clay brick have a higher melting 
point (about 3185°F.) than silica brick (3075°F.). 
They are used to good advantage where very high tem- 
peratures are required for refining and where contamina- 
tion of the slag by the drip from silica roofs is objection- 
able. 


(3) Side Walls 

To balance the life of the side walls with that of the 
remainder of the furnace so as to reduce the frequency 
of troublesome minor repairs, the use of Metalkase 
magnesite brick of the improved type in the side walls 
or in the back walls only and of chemically bonded, 
unfired, magnesite brick in door jambs and arches is 
frequently good practice in basic furnaces. In some 
instances, periclase brick are used successfully between 
the magnesite brick in the bottom and the silica brick 
in the upper side walls. The periclase type of brick is 
higher in magnesia and lower in iron oxide by about 5% 
than regular magnesite brick. 


Ill. Chrome Brick 

Chrome brick are not used extensively in electric 
are furnaces because, under the highly reducing condi- 
tions of the finishing slag, any drip or spall causes 
chrome to be precipitated into the metal bath. This 
cannot be controlled, and for this reason chrome brick 
has not been used successfully in electric furnace con 
struction except perhaps where high chrome steels are 
being melted exclusively. At present, there are at 
least three 10-ton units, lined with chrome brick through- 
out, with clay roofs for making chrome steels. 


IV. Sillimanite for Roofs 
Small furnaces with a capacity of about one ton, us- 
ing sillimanite monolithic roofs, are being success- 
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fully operated. This product is expensive, but the 
increased life more than compensates for the high initial 
cost. 


V. Carbon Block 
Carbon block linings have been experimented with, 
and this type of lining may be used more extensively in 
the future. 


VI. Proper Voltage Essential to Refractory Life 

One of the main requisites for securing low refrac- 
tory cost in the electric furnace is the use of the proper 
voltage for each size of furnace. The higher the volt- 
age, other things remaining equal, the higher will be 
the refractory cost. 

Electric furnaces generally are from 1 to 10 tons in 
size, but furnaces up to 100-ton capacity have been 
operated successfully. Ordinarily, the larger the fur- 
nace, the higher will be the voltage used, but it is not 
possible to correlate voltage with furnace size because 
different operators use varying amounts of voltage and 
try to compensate for higher voltage by the use of 
special refractories and special slags. 

On the 10-ton furnace, for example, the voltage most 
generally used on the high tap ranges from 150 to 200; 
on the intermediate tap it ranges from 115 to 140; and 
on the low tap, from 85 to 100. The writer prefers 
voltages of 180, 185, and 95. The method of using 
these voltages is to start the operation on the inter- 
mediate tap and switch to the high-voltage tap as soon 
as the arc is buried at the beginning of the melt. This 
high tap remains until a minimum amount of scrap is 
left hanging on the banks around the edge of the fur- 
nace, at which time a transfer is made back to the inter- 
mediate tap and from there to the low-voltage tap for 
the refining period. If the charge is started on its melt 
with the high-voltage switch, the refractory life will be 
decreased because the long are with this voltage causes 
too great intensity of heat at localized portions closest 
to the area of this arc. This same thing is true if the 
high voltage is left for too long a period after the 
charge is completely melted. 

The use of an extremely high voltage on an electric 
furnace, in the writer’s estimation, is of no particular 
value. In this type of melting, heat is caused (1) by 
resistance offered to the passage of current through the 
scrap and (2) by radiation from the are. If lower volt- 


(1940) 


445 


ages are employed with correspondingly higher amper- 
ages, the same number of electrical melting units 
result, thereby permitting the furnace to remain on 
the high tap for a longer period and decreasing the 
time for melting. This refers to voltages on the high 
and intermediate taps, and these taps are used only 
during the melting-down period. The low-voltage tap is 
used universally for the reducing periods. The normal 
period required for melting a 10-ton heat in the modern 
electric furnace is 1 to 1'/2 hours. The normal refining 
period is from 1 to 2'/2 hours. Between these two 
periods, there is from 1/2 to 1 hour that may be used for 
any specific purpose desired. 

The use of high voltage depends entirely on the 
amount of power required. Where 10,000 or 12,000 
kw. are utilized, higher voltages of course are neces- 
sary to get the amount of power into a furnace at sixty 
cycles; but in all cases, particularly on basic operation, 
it is desirable to utilize the lowest possible melting volt- 
ages commensurate with the power requirements. 


Vil. Slag Composition Affects Refractory Life 

Another important factor in refractory costs is the 
regulation of the slag composition within the limits 
permissible with the metallurgy involved. It becomes 
necessary at times to resort to special slags to secure 
certain specific chemical and physical requirements. 
In some instances, refractory cost is sacrificed to pro- 
duce the desired quality. Under ordinary conditions, 
a slag should be maintained that will keep the maximum 
amount of heat in the steel and permit the minimum 
amount of heat to be dissipated on the side walls and 
roof. This may be controlled by the furnace operator 
and requires careful observation during the entire heat. 


Vill. Importance of Shell Construction 

Furnace shell construction also has an important 
bearing on refractory life. There are now in operation 
at least three furnaces of 10-ton and one of 25-ton ca- 
pacity with cone-shaped shells. From the figures avail- 
able, the 25-ton installation is showing a decrease of 
between 25 to 50% on refractory cost. This decrease 
may be due to the fact that the side walls are farther 
away from the electric arc and that the sloping wall 
permits building higher monolithic linings. 


FIRTH STERLING STEEL COMPANY 
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THREE-DAY FETE ARRANGED FOR DR. BRASHEAR CENTENNIAL 


PROGRAM FOR ONE-HUNDREDTH 
BIRTHDAY ANNIVERSARY (1840-1940) 
Friday, November 22 


:30 P.M.: South Side Community Council Tribute— 
South High School, 10th and Carson Streets. 


~ 


Saturday, November 23 
2:00 p.m.: Flag Raising—23 Holt Street, Sons of Ameri- 
can Revolution. 
2:30 p.m. Unveiling of Marker on Old Coalshed Work- 
shop, Pennsylvania Historical Commission. 
2:45 p.m.: Dedication of Second Workshop as Museum. 
2:00-5:00 p.m.: Open House at all Brashear centers 


~ 


Sunday, November 24 
3:00 p.m.: Service of Tribute to the Memory of John 

Alfred Brashear—Soldiers and Sailors Memorial Hall, 

Fifth Avenue at Bigelow Boulevard. 

PAGEANT: “A Tribute to the Man Who Loved the Stars”’ 
(Direction of Carnegie Tech Drama School), Nursery 
School (Brashear Settlement), Children of Blind School, 
Children of School for the Deaf, High-School Students, 
University Choir, Amateur Astronomers, and Phoebe 
Brashear Club. 

ApprEss: ‘The Man Who Loved the Stars,” by C. G. 
Aspott, Director, Smithsonian Institution, Washington, 

Monday, November 25 

“‘BRASHEAR in all educational institutions and 
group meetings (Mayor issues Proclamation naming No- 
vember 25 as Brashear Day). 

“CITIZENSHIP”: Theme, John A. Brashear 
of a great citizen. 


symbolic 


6:30 p.m.: Dinner at William Penn Hotel (Tickets, 
$2.25). 

THEME: ‘‘The Lens Maker.”’ 

“Star-Spangled Banner,’ led by CHRISTINE MIL- 


LER CLEMSON. 

GUESTS OF HONOR AND GREETINGS: G. V. McCAULEY, 
Corning Glass Works (Supervisor of molding Pyrex for 
200-inch Palomar lens); and Epwarp PANpRaAy (Assist- 
ant to President of Westinghouse Company that made all 
fittings for Palomar telescope). 

ADDRESS: RUSSELL PoRTER, Mt. Palomar Observatory. 

Music: Chamber of Commerce Quartet. 


Dedication of Late Scientist’s Workshop to Open Celebra- 
tion in Honor of 100th Birthday Anniversary * 

A small frame building, the workshop of a humble la- 
borer in the steel mills, will be dedicated on November 23, 
1940, to the memory of that workman, John Alfred Bras- 
hear, who became a scientist and humanitarian, loved and 
honored by the world. 

The dedication of the little building, now part of the 
Brashear Settlement, 19 Holt Street, South Side, Pitts 
burgh, Pennsylvania, will open the three-day celebration 
of the one-hundredth birthday anniversary of Dr. Brashear. 
In it will be placed pictures, documents, instruments, and 
other mementos that tell the story of the life of the mill 
worker from the days when, in that workshop, he made his 
first astronomical lens to the years when the world honored 
him for his scientific work and his city loved him for his 
gentle kindness. The committee which is planning the 
city-wide celebration is emphasizing the wide scope of Dr. 
Brashear’s work, which twenty years after his death still 
influences the civic life of Pittsburgh. 


* Pittsburgh Post-Gazette, September 30, 1940, 


He had a great part in the building of the Allegheny 
Observatory in Riverview Park, serving as chairman of the 
committee that promoted the project. He was Acting 
Chancellor of the University of Pittsburgh and was one of 
the committee of three which drew up for Andrew Car- 
negie plans for the founding of the Carnegie Institute of 
Technology. And it was he who helped Henry C. Frick 
establish the Frick Educational Commission through which 
thousands of Pittsburgh teachers have received scholar- 
ships. For years he headed that fund. 

Because of the deep impression Dr. Brashear left on the 
educational field in Pittsburgh, the city schools will join 
in the celebration. R.O. Hughes, director of social studies 
in the city schools, has written a brief biography of the 
lensmaker to help the schools plan programs. 

Mr. Hughes writes, ‘““Our country has given us many 
examples of men whose lives began in humble surroundings 
but whose minds and hearts were made of the stuff that 
enabled them to become great and to serve their fellow- 
men. Dr. Brashear became famous in the field of science, 
in education, and in the realm of culture, but through all 
his life he kept those fine personal qualities which brought 
him unlimited love and respect. We must honor him asa 
great Pittsburgher and a great man.’’ 

One of the most interesting of the committees planning 
the celebration is that of the old friends and admirers of 
Dr. Brashear. It is headed by Mrs. Joseph W. Marsh. 
Among the “‘old friends’”’ of the scientist who have already 
contributed is Mrs. Andrew Carnegie, whose husband and 
Dr. Brashear friends. Mrs. Carnegie sent 
$1000 to the committee to be used for painting and repair- 
ing the old workshop and house in Holt Street which Dr. 
Brashear built. Another $1000 gift for the same purpose 
was received in the name of the late Melissa McKee Carna- 
han, whose grandfather founded the McKee glass factory 
on the South Side and helped Dr. Brashear to obtain the 
glass which he used in making his first lenses. 


were close 


John A. Brashear’ 


that thrills us most. 
the most romantic thing in life is 


It is not fiction The strangest 
thing in life is truth; 
man. So the nearer we approach the truth about a man, 
the closer we come to romance more strange and thrilling 
than fiction. 

The story of ‘‘Uncle John” 
tionately called by literally thousands, is above all a ro- 
mance. So is the story of almost any successful man. 
America, the land where all men are presumably born free 
and equal, where the immigrant can attain to anything 
but the Presidency, and the poorest native-born need 
stop not even at that, America is full of romances. But 
among them all stands a unique figure, the simple, kindly 
figure of John Alfred Brashear. 

For here was a man who, in an age so commercial and 


Brashear, as he was affec- 


materialistic that success is more often than not measured 


t Excerpts from Foreword from John A. Brashear, an 
Autobiography of a Man Who Loved the Stars. Edited 
by W. Lucien Scaife; published by the American Society 
of Mechanical Engineers, New York, N. Y., 1924. 252 pp. 
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in dollars and cents, remained steadfastly true to an ideal 
of perfection with utter disregard of material gain or loss; 
a man who was blessed with a love of beauty which kept 
him continually striving the while it tempered him into a 
concrete expression of that love itself. His is a unique 
figure, not because he fought and won from life success in a 
chosen work, though he did that nobly, but because life 
gave her gifts to him so generously. 

Talk with any one who knew him and you will hear, not 
what he did, but what he was. Remarkable, indeed, when 
you stop to consider that in the making of astronomical 
lenses and instruments of precision he was the peer of any 
man of his time, and this not in America alone but in 
Crusty old scientists came to him first be- 
they re- 


Europe as well. 
cause his genius could aid them in their work; 
turned because they loved him. The inexperienced ama- 
teur wrote to him hesitatingly for help, and a correspond- 
ence ripened into a deep friendship which produced impor- 
tant investigations and discoveries in the scientific world. 
He had the supreme gift of giving himself, and the world is 
immeasurably richer because he gave himself so gener 
ously. For great as was his genius, far greater was the 
man. 

It is indeed difficult to explain how this simple mill 
wright of Pittsburgh became one of its most distinguished 
citizens and a figure of international importance. Granted 
that he was the foremost maker of astronomical lenses of 
his day and that he was a master in the art of making plane 
surfaces; granted that early in his career nearly every ob 
servatory in America and Europe, as well as some in the 
Orient, was using apparatus which he had made and that 
the boundaries of science were being continually widened 
through the perfection of his work; granted all this and 
more, yet it does not explain the unusual position which 
Dr. Brashear occupied the last quarter of a century of his 
life. 

Mechanical genius he certainly had. His 
technical papers undoubtedly contained valuable contribu- 


numerous 
tions to scientific knowledge. But genius of this kind can- 
not explain why a man without formal education should, 
in the twentieth century, be chosen Acting Chancellor of a 
large university or why he should be selected by Andrew 
Carnegie to have such a large share in the work of making 
and executing the plans for the Carnegie Institute of Tech- 
nology. Mechanical genius cannot explain why Henry C. 
Frick, when he wanted to give several million dollars for 
educational purposes in Pittsburgh, should have selected 
John Brashear to handle the fund, a man whose entire life 
had demonstrated his inability to grapple successfully with 
financial and business problems. There was a genius 
other than mechanical which made John Brashear Penn- 
sylvania’s ‘“‘best-loved citizen,’’ the intimate of millionaires 
and paupers, of scientists, educators, and untutored work- 
men, the friend of the newsboy, the natural, easy playmate 
of little blind children. It was the genius of a rare per- 
sonality. 

Uncle John’s career, in spite of limited schooling, is an 
inspiring example of the capacity of the human mind to 
gain knowledge from every available source and of the 
human heart to radiate its light to every living creature 
within its range. He combined the ability to work con- 
sistently with a real love for the object of his labor and an 
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unquenchable desire to share it with every one who could 
be interested init. His desire for a telescope was as much 
a yearning to acquaint the whole world with the beauty of 
the heavens as it was to see it himself. Much as he loved 
and revered his science of astronomy—and surely no man 
has ever loved it more—he said and he believed that ‘‘the 
science most worth-while in this world is that of extracting 
sunlight from behind the clouds and scattering it over the 
shadowed pathways of our fellow travelers.” He loved 
the stars; their beauty and sublimity fascinated him. 
But because he believed that ‘‘there is nothing that con- 
tributes more to the elevating and ennobling of the human 
and spiritual in man than the sight of some of God’s beau- 
tiful work,’’ he loved them infinitely better. When, later 
in life, he undertook to raise funds to build the new Alle- 
gheny Observatory he did not rest content until it contained 
a room where any individual, regardless of race, creed, or 
color, should be permitted to see and learn of his beloved 
starry heavens. 

It is to the eternal credit of America that, in the year 
1920, at the very time when lecturers and writers (particu- 
larly those from England) were finding in American civili- 
zation a worship and respect for nothing except the com- 
mercial and material, a simple millwright in Pittsburgh 
should have been accorded such honors and homage as are 
bestowed on few; that a man whose ideals commercialism 
never lowered should have such public respect paid him as 
is seldom witnessed in any country. Virtue may be its 
own reward. After all, why not? Still it is good to see 
the last years of a worthy life crowned with the honors it so 
well deserves. It is well to feel that there remains ever- 
lastingly in the heart of a man a deep respect for the quali- 
ties that a rampant commercialism may attempt to deride. 

If those who are interested in the education of American 
youth want to place before them the inspiration of a mod- 
ern life of love, work, and service, they will do well to ac- 
quaint them with the story of John A. Brashear. For his 
life, as he has written it, is youth speaking to youth, and 
unless we who are older have hoarded the spark that keeps 
age forever young, we shall find ourselves outside the ranks 
of those who can best appreciate his delightful excursions 
into the past. Uncle John was all but eighty when they 
placed his ashes beside those of his wife in a crypt in the 
Allegheny Observatory, but the soul that passed on to 
take its place among the elect of the immortals was a 
youthful soul that niaturity and accomplishment had failed 
to age. 

John Alfred Brashear was born in Brownsville, Fayette 
County, Pennsylvania, November 24, 1840, and died in 
1920. With the heip of his wife, Phoebe Stewart Brashear, 
Dr. Brashear started his work as a maker of precision in- 
struments in a shop on the South Side, Pittsburgh, Penn- 
sylvania. Before his death, he was awarded honorary 
degrees by Princeton University and other institutions 
and was made an honorary member of many scientific 
societies throughout the world. In 1915, he was voted, 
by the people of Pittsburgh, ‘‘First Citizen of the City,’’ 
and Governor Martin Brumbaugh of Pennsylvania added 
the title of ‘‘First Citizen of Pennsylvania.’’ Dr. Brashear 
moved his shop to the North Side of Pittsburgh in 1880 and 
perfected the spectroscope for astronomical uses. He was 
a Trustee of the Western University of Pennsylvania (the 
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predecessor of the University of Pittsburgh) from 1891 
until his death, except for the three years he was Acting 
Chancellor (1901-1903). The John A. Brashear Com- 
pany, Ltd., which manufactures astronomical instruments 
at 2016 Perrysville Avenue is famous. The John A. 
Brashear House is maintained by the Brashear Associa- 
tion, Inc., at 19 Holt Street, Pittsburgh. 


Brashear’s First Lens (from Autobiography) * 

I had determined to make a telescope and had ordered 
the glass for it. The next step was to find a suitable place 
to workin. Instead of building a workshop, I bought from 
my next-door neighbor a little house, eight and one-half 
by ten feet, which he had built for a coal house. I designed 
an engine and purchased a small boiler for it. These I 
placed in a little shed adjoining the workshop. Then I 
constructed a bench for a small second-hand lathe I had 
bought, and we had a pretty fair amateur outfit. 

Our glass arrived from New York, and my good wife 
and I went to work at it with all the zeal and interest of 
children with a new toy. This wasin 1872. Our work was, 
of course, done in the evenings. At that time I usually got 
up at about five-thirty in order to get to the mill on time. 
I would not get home until about six o’clock, often much 
later if there had been any kind of a breakdown in the 
mill. When I arrived, I would always find steam raised, 
the shop immaculately clean, everything in order, and a 
good supper on the table. After the dishes were washed, 
Ma would always come out and help me; and we have 
often worked until twelve and sometimes as late as two 
o’clock in the morning, although our better judgment 
would often prompt us to go to bed. 

When we began work I was absolutely ignorant of the 
various processes used in lens-making, but I managed to 
cut the square disks to circular form and to compute the 
curves roughly, although I knew nothing about a study of 
the index of refraction or dispersion of the glass. Many, 
many trials did we have in those years of grinding and 
polishing. Just as we would approach a time when we 
thought we could polish the surface, we would get a scratch 
on it, and it would have to be done over again. One even- 
ing when I had one of the surfaces in pretty good shape to 
be polished, and by the way, I made the grinding and 
polishing tools myself, I had the misfortune to drop the 
crown lens. It broke in two pieces, and broke my heart, 
as well as my wife’s, in a good many hundred pieces! 

An English friend of ours who happened to be there at 
the time of the accident asked for the privilege of replacing 
the disk. This he kindly did, but it required two months 
to get it from England. Then the work of getting it into 
circular form and grinding it to the curves all had to be 
done again, but it proved to be a very good piece of glass 
as results showed afterward. 

Finally we had the five-inch lens ready for mounting. 
My brother-in-law, Will Sheets, who was a pattern-maker 
by trade, made the wooden part of the tube for me. We 
started to make the lens to be about six feet focus; and 
while the color correction was very nearly right, it had a 
very serious over-correction for spherical aberration. So 
the tube was made nine feet long. I made the patterns for 
the brass parts of it myself, had them cast, and turned them 
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myself in the old lathe to fit the glass and the draw-tube 
end. 

I shall never forget the night that we mounted this tube 
temporarily in our room that looked to the south, stuck the 
telescope out the open window, and pointed it to the 
planet Saturn, which was then in very good position for 
observing. For three years we had labored lovingly at 
our task, and now we were to enjoy the fruits of our labor. 
Although the spherical aberration was barely corrected, 
yet the view that I had of the planet that night is pictured 
vividly in my mind today, as is that first view that I had 
of the same planet in the little telescope belonging to 
Squire Wampler, through which I had my first view of the 
heavens in old Brownsville. After my wife and I had en- 
enjoyed the sight, we could not rest until we had called in 
some of the neighbors, and while it was anything but the 
perfect glass that later studies told us was absolutely 
necessary if we were to have the kind of instrument that 
would come up to the standard, nevertheless, we had some 
very interesting views of the moon and other objects that 
did not demand such perfection in the glass as the images 
of the stars. 

Our next job was to construct a mounting for the tele 
scope. This did not take very long, as I found an iron 
column at McIntosh & Hemphill’s Works, near the mill. 
The equatorial parts were made by my own hands; and 
a large opening was cut in the roof of our cottage so that 
we could command a fairly good portion of the heavens. 
But we had to wait for the stars, planets, and moon to 
come to us, which we were willing to do. 

I had now, in the spring of 1876, come to a place in my 
work and studies, where I plucked up courage to write to 
Professor Samuel Pierpont Langley, who had charge of 
the Allegheny Observatory, asking permission to bring the 
object glass to the Observatory that he might inspect it 
and perhaps give me advice about further improving it. I 
received a gracious reply from him, suggesting a night on 
which I should call at the Observatory to see him. I im- 
mediately prepared for this visit, and I must confess I was 
greatly excited at the prospect of having one of my dreams 
come true. How many times, as I lay out on the cinder 
banks by the riverside after the mills had stopped running, 
studying the stars when the smoke had cleared away, I 
had dreamed of the distant day when I might see the 
heavens through the telescope that I had heard had been 
erected in the Allegheny Observatory! Many and many a 
Saturday afternoon I had climbed to the top of ‘‘Coal 
Hill’’ just to look over at the dome of that observatory—to 
look and to dream. For not only did I desire the privilege 
of seeing the beauties of the heavens myself; I dreamed of 
a day when all mankind, every boy and girl, might have 
that privilege, too. 

There were no cars running at that time out Perrysville 
Avenue to the Old Observatory near the present Langley 
Avenue— indeed there were none for many years afterward 
—and I had the misfortune to lose my way. But at last 
I arrived at the door of the Observatory, rang the bell, 
and was ushered into the presence of the man whose friend- 
ship I enjoyed from that night to the end of his life. 

As he took the lens in his hands and scrutinized its 
polish and general make-up, I stood trembling before him. 
At last (and to me, at least, it was a long time coming) he 
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said, ‘‘Mr. ‘Brazier,’ you have done very well’’; and then 
he asked me the character of the curves. When I had told 
him, he suggested that I should have had an easier task 
had I made them after the general plan used by the Clarks 
(Alvan Clark and his sons, possibly the foremost makers 
of optical surfaces of that day). He asked me if I had any 
books on the subject of telescope construction, and on my 
replying in the negative, he went to his private collection 
of books and brought me a copy of Dr. Draper’s work on 
The Construction of a Silvered-Glass Telescope and Its 
Use in Celestial Photography. He told me to keep it as 
long as I wished; but as he valued it very highly, he asked 
me to be sure to return it to him. 

I learned from him that evening that he and his brother 
John, a professor of chemistry, whose friendship I was 
happy in acquiring later on, had made a six-inch reflecting 
telescope in the barn at their father’s home; and I could 
see that he appreciated the difficulties we had encountered 
in making the five-inch object glass. 

Fortunately for me, it was a clear night, and Professor 
Langley asked me if I would like to have a look in the 
thirteen-inch telescope of the Observatory. At last I was 
to have the fulfillment of the wish I had so long cherished! 

The planet Saturn was still in good position for observ- 
ing. The thirteen-inch refracting telescope was placed 
upon the beautiful planet, the clockwork started, and I 
had my third view of the queen of all the objects in the 
heavens. Wonderful! Could I ever make a telescope that 
would show its ring system, its belts, its satellites, like that? 

At first I felt a sort of discouragement when I contrasted 
my view in this masterpiece with that in our own telescope, 
but the feeling did not last long, and as I bade my new- 
found friend good night, I went away with a grateful heart 
and with a new incentive and a higher ideal before me. 

How I devoured the pages of the book he loaned me! 
Yes, I think it was read through before I slept any that 
night, as it was Saturday night and I could sleep longer on 
Sunday mornings. 

Before I finished reading the book, I had decided not to 
go any further in the correction of the five-inch lens. Un- 
til my talk with Professor Langley that night, I had not 
known how much simpler it was to make a reflecting tele- 
scope, as that did not require high-grade and costly optical 
glass and had but one surface to be corrected, though that 
one must be even more accurate than the surfaces or curves 
of the object glass. So I decided to keep the five-inch 
lens, as it was, for my observing until we could make the 
larger-sized reflecting telescope. 


Silvering Method Discovered * 

I had made quite a number of experiments with various 
methods of silvering by the early spring of 1878, and at 
last I found a method, or rather a modification of a method, 
which I had seen in the Scientific American, called Burton’s 
method, by which I succeeded in obtaining most admirable 
results in silvering mirrors on the front surface, although 
it was originally intended for back surfaces, looking glasses, 
etc. So simple, so certain was this method, that I at once 
sent a communication to the English Mechanic and World 
of Science, describing it in full for the benefit of my amateur 
friends of whom there were at that time, literally speaking, 
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scores who were trying to make their own reflecting 
telescopes. 

Little did I think at the time that this method would 
become the method and be universally used for front sur- 
face mirrors. The formula has been published in perhaps 
every chemical journal in the world; and although I am 
writing this note more than forty years after I had the 
pleasure of giving it to the world, without money and with- 
out price, I often have pleasant reminders of the value of 
my first humble contribution to the makers of reflecting 
telescopes. 

Almost forty years later I stood in the laboratory of the 
Mount Wilson Observatory, admiring the beautiful silvered 
surface of the great one hundred-inch reflecting telescope 
mirror, made by my old-time friend, Professor Ritchey. 
Expressing my pleasure to him, he replied, ‘‘Well, it was 
silvered by Brashear’s process.’”? Many other methods 
have since been devised; but I know of none more certain 
and more easily applied. I think we silvered the surface 
of the great seventy-two-inch mirror for the Dominion 
Observatory at Victoria, British Columbia—made by Mr. 
McDowell at our workshops and finished in April, 1918—in 
just about two hours and thirty minutes, including the 
operations of cleaning, mixing chemicals, and final polish- 
ing of the surface. 


Lens Made by John A. Brashear? 

Some idea of Dr. Brashear’s contribution to modern 
science may be obtained from a partial list of some of the 
important instruments, apparatus, and lenses which were 
completed in his shops. 

(1) The spectroscope for the Lick Observatory com- 
pleted about 1888. James E. Keeler, then at Lick Ob- 
servatory, made with this instrument his now classic 
visual studies of the motion of the. nebulae in the line of 
sight, with a mean error of 3.2 kilometers per second. 

(2) The spectroscope for the Halstead Observatory used 
by C. A. Young chiefly in investigating solar spectra. With 
this intrument, Young observed in 1892 many double lines 
in the spectra of sunspots, then supposed to be the effect 
of ‘‘reversal’’ by superposed gaseous layers at different 
temperatures, but subsequently shown to be caused by 
magnetic fields. 

(3) Special apparatus for Professor Comstock, which 
enabled him to determine the constant of refraction by 
comparing stars at great distances apart. 

(4) Optical surfaces for Professor A. A. Michelson’s 
first interferometer; and subsequently the optical train 
for the International Bureau of Paris, to measure the value 
of the meter in terms of a wave length of light. 

(5) The first spectroheliograph to photograph auto- 
matically the surface and surroundings of the sun made 
for Dr. George E. Hale. Its results have been epoch mak- 
ing in the realm of solar photography. 

(6) A spectroscope for Professor Keeler who had become 
Director of the old Allegheny Observatory and wished to 
continue his photographic study of the motion of the 
nebulae, stars, and planets in the line of sight. His work 
was very successful, culminating in his beautiful demon- 
stration of the meteoritic character of Saturn’s rings. This 
instrument has a flat Rowland grating 1.3 by 1.8 inches, 
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with 14,438 ruled lines to the inch; and also a train of three 
prisms of dense flint glass. 

(7) The Mill’s spectrograph, completed in 1894, for 
Director W. W. Campbell, of the Lick Observatory, who 
used it in his extensive stellar spectroscopic investigations, 
which yielded, among other results, the velocity at which 
the sun, earth, and other planets are moving toward the 
constellation of the Lyre. 

It is doubtful whether any other stellar spectrograph 
ever contained prisms more perfect than those made by 
Dr. Brashear for this instrument. The thousands of 
sharply defined photographs of stellar spectra obtained 
with it by Dr. Campbell and his colleagues rendered pos- 
sible a new and revolutionary attack on the motions of 
the stars, which has yielded conclusions of the widest 
significance. 

(8) A large star spectroscope for the forty-inch refractor 
of the Yerkes Observatory to detect motions of stars and 
nebulae in the line of sight. 

(9) A star spectroscope for the United States Naval 
Observatory; optical equipment of the Bruce spectro- 
graph for the University of Cambridge, England, and for 
the Cape of Good Hope star spectroscope. 

(10) Large universal spectroscopes were supplied to 
many other observatories, one of the best being that of the 
Lowell Observatory in Arizona. In the decade following 
1890, some of the largest size concave-grating spectroscopes 
were supplied to West Point Military Academy; Sloane 
Physical Laboratory; Royal University of Ireland (Trin- 
ity), Dublin; Cambridge University, England; University 
of Turin, Italy; Dr. Houswaldt’s Physical Laboratory, 
Magdeburg, Germany; McGill University, Montreal; and 
Paris Observatory, Paris, France. 

Perhaps nothing better reveals the growth of the Brash- 
ear Works than a list of some of the larger telescope 
objectives and mirrors completed subsequent to 1888. 

(11) A 12-inch object glass, Syrian Protestant College, 
Beirut, Syria 

(12) A 12-inch object glass, University of Illinois, Cham- 
paign, IIl. 

(13) A 12-inch object glass, Ohio State 
Columbus, Ohio. 

(14) Two 12-inch object glasses for Kenwood Observa- 


University, 


tory, Chicago. 

(15) A 12-inch object glass for Dudley Observatory, 
Albany. 

(16) A 12-inch object glass, 150 feet focal length, for 
Mount Wilson Tower Telescope. 

(17) A 12-inch object glass for Ladd Observatory, Provi- 
dence, R. I. 

(18) A 15-inch object glass for Yale University, New 
Haven, Conn 

(19) A 14-inch object glass for a Philadelphia High 
School, Philadelphia, Pa. 

(20) A 16-inch object glass for Carleton College Obser- 
vatory, Northfield, Minn. 

(21) A 15-inch object glass for S. N. Smith’s private 
observatory, Newport News, Va. 

(22) A 15-inch object glass, Dominion Astronomical 
Observatory, Ottawa, Canada. 

(23) An 18-inch object glass for Flower Observatory, 
University of Pennsylvania, Philadelphia, Pa. 
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(24) A 15-inch object glass for a Philadelphia High 
School. 
(25) A 12-inch object glass for the University of 


Indiana, Bloomington, Ind. 

(26) A 30-inch reflector for the Keeler Memorial, Alle 
gheny Observatory, Pittsburgh, Pa. 

(27) A 30-inch plane mirror, Yale University, New 
Haven, Conn. 

(28) A 37-inch Cassegrain telescope for Professor Camp- 
bell’s expedition to Chile in connection with the Lick 
researches on the motion of the stars in the line of sight. 

(29) A37-inch parabolic mirror, University of Michigan, 
Ann Arbor, Mich 

(30) A 19'/5-inch plane and parabolic mirror, Dominion 
Observatory, Victoria, Canada. 

(31) A 20-inch object glass, Chabot Observatory, Oak 
land, Calif 


(32) A 24-inch object glass, Swarthmore College, 
Swarthmore, Pa. 
(33) The 30-inch object glass of the great Thaw 


Memorial telescope built by the Brashear Company with 
especial reference to photograpic work is, for such purpose, 
more powerful than larger visual instruments and is render 
ing noteworthy service in systematic stellar photography 
by arapid and accurate method developed at the Allegheny 
Observatory. 

The history of this large refracting telescope, a triumph 
of the optical-instrument maker’s art and science, reveals 
some of the causes of their great cost and of the time re- 
quired to make them. Owing to the extreme difficulty of 
obtaining glass disks of the requisite size, free from striae, 
from inequalities in the density specified, from hygroscopic 
some of which are only discovered after 
the length of time required 
In this case, the 


and other defects 
the glass has been polished 
to complete them cannot be foreseen. 
Brashear Company was able to obtain satisfactory disks 
only after a period of seventeen years subsequent to placing 
the first order in Europe. 

(34) Among the successful instruments of the Brashear 
Company, involving its best theoretical and practical re- 
sources, are its photographic doublets, whose lenses are 
constructed according to an original solution of Dr. Charles 
S. Hastings, which gives a large and flat photographic field 
of the sky. 

They have been sent to various parts of the world and 
have been instrumental in making numerous discoveries. 
Dr. Max Wolf, of the University of Heidelberg, has been 
particularly successful in discovering new asteroids with 
his sixteen-inch doublet, capturing on one night alone five 
strangers on each of his two plates. Two cameras are used 
so that the trails of the asteroids, which are apt to resemble 
a defect on the photographic plate, may be readily identi- 
fied by their same relative position among the stars on the 
two plates. Dr. Wolf has shown his appreciation of his 
success with this sixteen-inch Brashear doublet by naming 
two of the many planetoids discovered with it ‘“‘Alleghenia”’ 
and ‘‘Pittsburghia,’’ the latter estimated to be about 
260,000,000 miles from the earth. 

(35) In October, 1913, the Brashear Company was 
awarded by the Canadian Government the contract for 
the optical parts of a seventy-two-inch reflecting telescope 
for the Dominion Observatory at Victoria, British Colum- 
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bia, the mechanical parts being awarded to the Warner & 
Swasey Company of Cleveland. Dr. Brashear was then 
completing his seventy-third year, with public duties suf- 
ficient to occupy all of the working hours of younger men. 
But he entered upon this, his last great optical task, the 
world’s second largest telescope, only exceeded by the 
Mount Wilson 100-inch reflector, with as great enthusiasm 
as he had shown in his youth when, after long hours in 
the rolling mill, he ground and polished his first five-inch 


lens which he was too poor to buy. 
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FORTY-THIRD ANNUAL MEETING 
THE AMERICAN CERAMIC SOCIETY 
BALTIMORE, MARYLAND, MARCH 30 TO APRIL 5, 1941 


Walter A. Weldon, Chairman, Baltimore Local Committee 

With the announcement of the Baltimore Local Com- 
mittees, active plans are under way for the Forty-Third 
Annual Meeting of The American Ceramic Society to be 
held in Baltimore, Md., March 30 to April 5, 1941. On 
October 11, the Committees held a meeting with their 
Chairman, Walter A. Weldon. 


Walter A. Weldon 


Mr. Weldon is ceramist with the Locke Insulator Corp., 
Baltimore, Md. He attended the Rochester Antheneum 
and Mechanics’ Institute and Johns Hopkins University 
He has been a member of The American Ceramic Society 
since 1935. He is also a member of the Potters’ Round 
Table of Baltimore and is listed in Who’s Who in American 
Art. He is interested in Chinese ceramic archeology, and 
much of his work is influenced by the Chinese. 

Mr. Weldon has been an exhibitor for years in American 
museums and abroad. He has a comprehensive library 
and collection of Chinese ceramic art, which includes a 
number of historical items of interest to ceramists. Mr. 
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Weldon has lectured on ‘‘The Art of the Potter’ and ‘“‘The 
Origin of Porcelain’’ for a number of years in the eastern 
part of the country. 

He has worked for years to create a better appreciation 
of ceramic art in his city, and visitors always find a welcome 
both to his home in Baltimore and to one of the largest 
porcelain factories in America. 

In The Bulletin, May, 1939, p. 185, Mr. Weldon con- 
tributed an article entitled, ‘‘A Potter Looks at Chinese 
Antiques,’ in which he cites some of his experiences in 
collecting his Chinese artware. 
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Geophysical Lab., Washington. 


Publicity Committee 

Louis J. TRosteEL, Chairman, General Refractories Co., 
Baltimore; C. Atuy, Porcelain Enamel & Mfg. 
Co., Baltimore; and RAyMoNnp A. HEINDL, National Bu- 
reau of Standards, Washington. 


Exhibits Committee 
J. M. GrtFittan, Locke Insulator Corp., Baltimore; 
W. RAYMOND SCHLEHR, Carr-Lowrey Glass Co., Baltimore; 
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Louis C. Roche 


KENNETH SMITH; and JoHN W. McBurney and R. T. 
STULL, National Bureau of Standards, Washington 


Finance Committee 

Louris J. TROSTEL, Chairman; Paut C. Sturrt, Porce- 
lain Enamel & Mfg. Co., Baltimore; V. V. KELSseEy, 
Dominion Minerals, Inc., Washington; CLARENCE H 
HAHNER; and Dwicut G. Moore, National Bureau of 
Standards, Washington. 


Meeting Service 
Paut C. Strurrt, Chairman. 


Baltimore Guide Committee 
LYMAN C. Atnuy, Chairman, and W. RONALD LESTER 


Washington Guide Committee 
W. N. Harrison, Chairman, and G. E. F 
National Bureau of Standards, Washington. 


DR. ANDREASEN WRITES FROM DENMARK 

A. H. M. Andreasen of Copenhagen, Denmark, has 
again expressed his appreciation of his election in April, 
1940, to Honorary Membership in The Society (see The 
Bulletin, 19 [6] 226-27 and [7] 273 (1940)). Dr. Andrea- 
sen has written as follows to G. A. Bole of Columbus, Ohio. 

“‘T have just had the great pleasure to receive the message 
of my election as Honorary Member. I will not make a 
secret of the fact that it is the first testimony of recognition 
given to me from a foreign country, and my surprise was so 
much the higher as I hitherto never have written in 
American periodicals. Of course the election means a great 
encouragement to me in a certainly not too encourageable 
time. 

“Especially because the communications between the 
old and the new world are very reduced, I beg you remem 
ber me to my different friends in the U.S.A. I hope my 
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numbers of The Journal and The Bulletin are stored in The 
Society, so that they will appear to me later.” 


IOWA STATE COLLEGE 


The members of the Iowa State Student Branch of The 
American Ceramic Society held their annual fall picnic get- 
together at Brookside Parkin Ames. The high spots of the 
event were plenty of steak sandwiches and an outline of 
the year’s work by C. M. Dodd, Head of the Ceramic Engi- 
neering Department 

This picnic is the first meeting of the year and is held 
in honor of the new men entering the department so that 
they may become acquainted with the old members and 
with the workings of the department. 

GEORGE B. HuGHEs, Corresponding Secretary 


NORTHERN CALIFORNIA SECTION 


At the first fall meeting attended by thirty-six members 
and guests of the Northern California Section, E. G. Pethe- 
rick of Norton Company answered questions following the 
showing of a sound picture in color, ‘‘Norton Abrasives at 
Work.”’ 

C. L. Barr, Supervising Safety Engineer of the State 
Compensation Insurance Fund, was present. Mr. Barr, 
who is conducting the Safety Contest being sponsored by 
the Northern California Section, reported on the contest 
to date and discussed some of the problems experienced in 
maintaining a safety-minded personnel (see the October 
Bulletin, p. 412). 

The ten plants which have entered the contest are the 
California Art Tile Co., the California Pottery Co., 
N. Clark & Sons, the Stockton Fire Brick Co., Gladding 
Bros. Mfg. Co., Gladding, McBean & Co., the Myers 
Ceramic Products Co., the Kraftile Co., the Emeryville 
Chemical Co., and the Westinghouse Electric & Mfg. Co. 

L. H. Duschak of the Department of Mining and Metal- 
lurgy, University of California, was introduced by Graham 
G. Smith, Chairman of the Section Research Committee 
Professor Duschak spoke of the work that has been done 
by his Department in following up the contacts made 
by Mr. Smith and his committee with a view toward de- 
veloping a ceramic program at the University. In comment- 
ing on the interest of the university group in the subject, 
Professor Duschak also mentioned some of the obstacles to 
be overcome. This program will be consistently pushed. 

Plans for the annual meeting and Christmas party in 
December and presentation of a safety trophy and certi- 
cates were also discussed. 

The meeting was held at the Hotel Coit in Oakland with 
dinner at 6:30 P.M. 


CENTRAL OHIO SECTION 


The first in the series of fall meetings for the Central 
Ohio Section was held on October 2 at Zanesville, Ohio. 
The meeting started in the afternoon with a conducted tour 
through the Roseville Pottery, Incorporated, in Zanesville. 
Through the efforts of Mr. Krause and his associates at this 
plant, the inspection trip was interesting and was highly 
appreciated by the group. 

In the evening, the group met at the Zane Hotel where 
dinner was served, followed by an excellent talk by Arthur 
E. Baggs from the Department of Fine Arts of Ohio State 
University. Owing to illness, the scheduled speaker, Stew- 
art Leonard, Director of the Zanesville Art Institute, was 
unable to attend, and Professor Baggs was prevailed on to 
substitute. Professor Baggs showed two interesting reels 
of pictures, illustrating various techniques in the use of the 
potter’s wheel and the primitive methods of pottery form- 
ing and firing as used by the Indians of the Southwest. 

There were sixty persons in attendance at this meeting, 
with representatives from practically every ceramic plant 
in this territory; also included in the group were J. L. 
Carruthers and R. C. Purdy, President and Secretary, re- 
spectively, of The American Ceramic Society. 

M. C. SHaw, Secretary 
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PITTSBURGH SECTION 


Glass, Today and Tomorrow 

The members of the Pittsburgh Section of The American 
Ceramic Society have been invited as special guests of the 
Pittsburgh Section of the American Chemical Society. 
The meeting will be held on Wednesday evening, December 
11, at 8:00 p.m., in Carnegie Music Hall, Pittsburgh, Pa. 
The speaker will be Alexander Silverman of the Univer- 
sity of Pittsburgh, whose subject will be ‘‘Glass: Today 
and Tomorrow.” 

The lecture will be illustrated with exhibits from the 
Glass Center in the New York World’s Fair and from the 
Glass House in the Town of Tomorrow. A number of in- 
dustries are preparing special exhibits for the occasion, in 
cluding lighting, heating, and interior decorating 

The same lecture will be presented in Philadelphia, Pa., 
Wednesday evening, December 18, in the Franklin Insti 
tute. 


MISSOURI SCHOOL OF MINES AND 
METALLURGY 


The Student Chapter of The American Ceramic Society 
at the Missouri School of Mines and Metallurgy held its 
first meeting of the school year on September 25. 

The Chapter will originate a single news sheet with news 
of student and departmental activities. 

Mr. and Mrs. John Wisely, of Kansas City, Mo., formerly 
connected with the Kansas City Art Institute, were guests 
Mr. Wisely is a designer of pottery and various art pieces 
for the WPA pottery project, located in the Department 
of Ceramic Engineering at the School of Mines. Miss 
Eleanor Gibson, the first woman ever enrolled in the ce- 
ramic department, was also present. 

An interesting talk on labor and manufacturing condi- 
tions in the whiteware industry was given by Leonard 
Stearns, of Boston, Mass., who has come to the Missouri 
School of Mines as graduate assistant in ceramic engineer- 
ing. Following graduation from M.I.T., Mr. Stearns 
worked for several years in whiteware plants around Fast 
Liverpool, Ohio. 
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A general get-together was in order after the meeting, 
with plenty of eats for all. 
P. G. HEROD, Head,Ceramic Engineering Department 


NEW MEMBERS FOR OCTOBER 


Corporation 
FABRICA DE LADRILLOS INDUSTRIALES Y REFRACTARIOS, 
S. A., Salvador Odriozola Gomez (voter), Monterrey, 
N. L., Mexico. 
Personal 
BoEuM, Mitton A., 1502 River Cove Ave., Tampa, Fla. 
BURGER, Harry L., Jr., 811 N. Chamberlain Ave., 
Chattanooga, Tenn.; machining and polishing of ceramic 
insulation, American Lava Corp. 
BURKE, WILLIAM M., 34 Crescent St., Waltham, Mass.; 
laboratory assistant, Waltham Grinding Wheel Co. 
HINCKLEY, ARTHUR T., Oldbury Electro-Chemical Co., 
Niagara Falls, N. Y.; chemist. 
Watts, ARTHUR P., 3502 Brentwood Drive, Flint, Mich.; 
engineer, A C Spark Plug Co. 


Student 


Iowa State College: A. RICHARD BOERNER and CARL 
WEST, JR. 

New York State College of Ceramics: 
STEIN, WILLIAM F. READ, JOSEPH K. 
ZABAWSKY. 

Ohio State University: 
ROSE. 

Pennsylvania State College: 


JOHN S. BREITEN- 
SHAPIRO, and ZENO 
WILLIAM R. PATTON and RALPH 


W. GRAYDON EKDAHL. 


MEMBERSHIP WORKERS’ RECORD 


Corporation: Office 1. 

Personal: G. F. Fichter 1, Donald Hagar 1, and Office 2. 

Student C. R. Amberg 2, C. M. Dodd 2, R. M. Camp- 
bell 2, E. C. Henry 1, J. L. Carruthers 1, C. J. Koenig 1, 


and C. H. Lawson 1. 
Grand Total: 15. 


Airplane view of the Locke Insulator plant, Baltimore, Md. 


(1940) 
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EIGHTEEN OF THE EIGHTY PAID PERSONALS 
NEEDED TO MEET THE ALL-TIME HIGH 
SCORE WERE OBTAINED IN OCTOBER 
We Are Not Quite One-Fourth Way Home 
to a Real Thanksgiving 


Paid Membership Record 


Date of Record Deferred Subscriptions Monthly Total 

| December 22, 1937 | 1713 220 12 523 220 | 2688 

| December 19, 1938 | 1815 | 222 26 589 | 220 | 2872 
December 19, 1939 1876 | | 220 3002 
January 22, 1940 1930 244 656 | 220 
February 20, 1940 1972 | | oo 220 | 3134 
April 17, 1940 | 1724 241 30 
May 21, 1940 1801 247 220 2847 
June 19, 1940 1839. 251 | | 

| July 18, 1940 1870 254 2937 || 

| August 19, 1940 254 | 31 | 565 | 220 | 2955 

| September 19, 1940 1892 | 255 | 28 572. | 220 «| #2967 ‘|| 

October 21, 1940 256 27 569 | 220 «2982 


Yet 
Compared with One Year Ago, the 
October, 1940, Paid Membership Record 
Betters That of October, 1939, by 


85 PERSONALS 
21 CORPORATIONS 
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NOTES AND NEWS 


NINTH ANNUAL NATIONAL CERAMIC 
EXHIBITION 


The Ninth Annual National Ceramic Exhibition was 
held at the Syracuse Museum of Fine Arts, Syracuse, 
N. Y., from October 138 to November 4. The judges faced a 
difficult task in choosing from 1000 pieces, representing 
about three hundred artists from twenty-eight states, a 
collection which would be truly representative of the 
present national status of ceramic art. 

“Ceramic artists are showing great advances both in 
scientific knowledge of their medium, which enables them 
to control it, and in appreciation of its esthetic possibili- 
ties,’’ said Reginald H. Poland, chairman of the Jury and 
director of the San Diego, Calif., Gallery of Fine Arts. ‘‘Of 
course, they are just beginning to realize the extent of 
those possibilities, and ceramic artists as a group will de- 
velop as they broaden their vision and their imagination, 
realizing also the necessity to advance in scientific knowl- 
edge of their medium.” 

The judges as a group emphasized the advance in ma- 
turity in the artists’ work, apparently an indication of a 
general appreciation of improved standards of ceramic 
design and execution. This recognition of standards, how- 
ever, does not prevent experiment, often daring in char- 
acter, into the extension of the possibilities of the clay-and- 
glaze medium. Ceramic artists are perhaps the most in- 
dividualistic in America, each working out his own inter- 
pretation of the possibilities of his medium and little in- 
fluenced by anyone else’s work. 

Excellent pottery in unusual amounts, far surpassing 
last year, is found in the Exhibition, which led the judges 
to single out an exceptionally large number of pieces for 
honorable mention. The pieces are not only artistically 
interesting but distinctly usable in many types of American 
homes. The potters are interested in essential form, ex- 
pressing their ideas through the form, glaze, and texture 
rather than in surface decoration, which, as an end in 
itself, has practically disappeared from national ceramic 
exhibitions. 

Prize Awards 

Prize awards were given for many different reasons be- 
cause the entries differed widely in design and execution. 
The judges tried to recognize the variations both in sculp- 
ture and pottery. 

The Jury awarded the following prizes and honorable 
mentions. 


(1) Ceramic Sculpture 

First Prize ($100): PETER GANINE, Hollywood, Calif., 
for his monumental piece, ‘‘Baby Centaur,’’ designed for 
outdoor use. An unusually compact, coordinated piece of 
sculpture, with fine plastic quality and tactile appeal (one 
must want to touch good ceramic art). Done in unglazed 
terra cotta of a greenish gray tone, this engaging young 
centaur on his rockers would fit into many landscapes. Mr. 
Ganine is well known for his work in other media on the 
2acific Coast and has also won prizes for ceramics in exhibi- 
tions there (prize given by the American Art Clay Co, 
Indianapolis, Ind.). 

Second Prize ($100): ApoLF OpoRFER, Fresno, Calif., for 
his three figure groups, ‘‘Chorus Girls’? and ‘‘Adeline,”’ in 
unglazed cream terra cotta, and ‘“‘Family,’’ in a dark brown 
glaze. LEsthetically realized figure studies, complex in 
character yet with a unity of line which is pleasing, they 
represent in sculpture somewhat the complexity of ma- 
chinery, with a tensity apparent which is characteristic of 
the modern tempo. A well-handled new note in ceramic 
sculpture from a young man who was awarded his first 
mention four years ago (prize given by the Harshaw 
Chemical Co., Cleveland, Ohio). : 
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Third Prize: Pauw Bocatay, Ohio State Univ., Colum- 
bus, Ohio, for his ‘‘Colt’”’ in unglazed red terra cotta, a 
small figure with great strength and sculptural soundness. 
Mr. Bogatay’s work is well known, and he is a former prize 
winner in national shows (prize given by B. F. Drakenfeld 
and Co., New York, N. Y.). 

Honorable Mentions in Sculpture: MATHILDE PARMELEE 
SEWALL, New Haven, Conn., for ‘‘Polar Bear,’ a figure 
showing great rhythmic vitality and fine modeling in 
grayish white glaze. Mrs. Sewall won first prize for sculp- 
ture in 1937. THELMA FRAZIER WINTER, Cleveland, Ohio, 
for ‘‘Daring Young Man,” representative of her fine fluid 
glazing which gives her work almost the appearance of a 
liquid medium. A dynamic quality in her circus figures, 
expressed through color and glazing, shows the artist’s ap- 
preciation of the loveliness of her material. Mrs. Winter 
won first prize in sculpture last year. HAZEL SMALL 
MarTIN, Los Angeles, Calif., for ‘Squirrel’? and ‘Desert 
Trio” in unglazed terra cotta, small figures with fine 
sculptural quality showing interesting use of color. 


(2) Pottery 

First Prize ($100): MARION LAWRENCE Fospick, New 

York State College of Ceramics, Alfred, N. Y., for a large 
stoneware bowl. Slip, painted with light brown and gray 
glaze. ‘‘Sound and satisfying’’ work according to the 
judges, with the glaze bringing out the inherent quality of 
the material and enhancing its durability and usefulness. 
Definitely presents the feeling of ‘“‘burnt clay,”’ with the 
decorative qualities in the materials, not added to them 
(prize given by the Onondaga Pottery Co., Syracuse, 
Second Prize ($50): Epwin and Mary Scarrer, Dur- 
ham, N. H., for Mr. Schirer’s stoneware bowl, thrown 
and decorated with fine plastic figures, and Mrs. Schirer’s 
thrown ribbed stoneware vase. Fine form and texture 
(exhibiting for the first time). 

Second Prize ($50): WINIFRED PHILLIPS, Wauwatosa, 
Wis., for three pieces, tall stoneware jug with a gray 
body; tall stoneware vase with opalescent lining; and 
white stoneware bowl with copper-reduced lining (the 
prize of $100 (divided) was given by the Hanovia Chemical 
and Manufacturing Co., Newark, N. J.). 

The Katherine Q. Payne Award of $50, which is given 
anonymously for fine hand-thrown pottery, distinguished 
in shape and glaze and outstanding beyond question, was 
given to GERTRUD and Otto NATZLER, Los Angeles, Calif., 
for a turquoise-gray oval bowl having the unique qualities 
of the Natzlers’ work, fineness of throwing, glazes in Pom- 
peian effect (called ‘‘flowing lava’’) and daring form, which 
will enhance the usefulness of the piece for certain kinds 
of flower arrangement. 

Honorable Mention (for sustained excellence in pottery): 
GLEN LUKENS, University of Southern California, Los 
Angeles, Calif., for two large flat bowls, one in rough-tex- 
tured black terra cotta and one called ‘‘Water of the Sea,’’ 
turquoise glaze on rough white clay giving the effect of sea 
water on sand. Designed for use in a patio, they are ex- 
cellent examples of pieces with great beauty growing out 
of usefulness. 

Honorable Mention (awarded in these terms for the first 
time for a master model suitable for mass reproduction): 
ELEANOR PIERCE CUTLER, Ogontz Manor, Philadelphia, 
Pa., for her large plate, a copper reduction in pinkish 
coppery tones on a copper standard, entitled ‘‘Feast of 
Solomon.” 

Honorable Mentions: BEATRICE Woop, West Hollywood, 
Calif., for a large plate; good potting and decoration 
mural in effect. WILLIAM Enricu, Buffalo, N. Y., large 
bowl, golden tan terra cotta, glazed inside, and carved 
figures in ‘‘Boar Hunt” design outside. CARLTON 
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ATHERTON, Columbus, Ohio, stoneware jar with blue 
decoration and definitely marked pattern; pleasing form 
and color. CLARA K. NELSON, New York State College of 
Ceramics, Alfred, N. Y., red clay plate, carved and glazed. 
KARL Martz, Nashville, Ind., ‘‘The Golden Belle.”’ 


(3) Enamels 

First Prize: HH. Epwarp WINTER, Cleveland, Ohio, 
square panels, enamel on metal (prize given by the Ferro 
Enamel Corp., Cleveland, Ohio). 

First Honorable Mention: Kart DRERUuP, Rockville 
Center, N. Y., panels and bowls. 

Honorable Mention: RUSSELL BARNETT AITKEN, New 
York, N. Y., enamel mural, ‘‘Hercules and the Amazons,”’ 
the largest single unit panel ever fired. 


1940-1941 Exhibition Circuit 

The Ninth National Ceramic Exhibition will be sent 
to the following museums throughout the 1940-1941 
season: November, Memorial Art Gallery, Rochester, 
N. Y.; December, Albright Art Gallery, Buffalo, N. Y.; 
January, Flint Institute of Art, Flint, Mich.; February, 
University of Minnesota, Minneapolis, Minn.; March, 
Cranbrook Museum, Bloomfield Hills, Mich.; and April, 
Baltimore Museum of Art, Baltimore, Md., booked by The 
American Ceramic Society to coincide with the Forty-Third 
Annual Meeting. A west coast tour is pending for May to 
September. 


Enamels, First Prize: H. Edward Winter, Cleveland, Ohio. 
Group: Somewhat bizarre designs, harking back to Vic- 
torian lines with jeweled accents, square panels; enamel on 
metal, ‘‘The Dance’’; note use of glass beads. 
Prize given by the Ferro Enamel Corp., Cleveland, Ohio. 


Eleanor Pierce Cutler, 


Pottery, Honorable Mention: 
Ogontz Manor, Philadelphia, Pa. 


Notes and News 


Awarded (in these terms) for the first time; master 
model suitable for mass reproduction for large plate; cop- 
per reproduction in pinkish coppery tones on copper stand- 
ard entitled, ‘‘Feast of Solomon.”’ 


Pottery, First Prize: $100 to Marion Lawrence Fosdick, 
New York State College of Ceramics, Alfred, N. Y. 

Large stoneware bowl; slip, painted with light brown 
and gray glaze; ‘‘sound and satisfying’’ work, with the 
glaze bringing out the inherent quality of the material and 
enhancing its durability and usefulness; definitely pre- 
sents the feeling of ‘‘burnt clay,’’ with the decorative quali- 
ties in the materials, not added to them. Small bowl by 
Helen Williams of Syracuse University, Syracuse, N. Y. 
Prize given by the Onondaga Pottery Co., Syracuse, 


Pottery, Second Prize: $50 to Winifred Phillips, Wauwa- 
tosa, Wis. 

Three pieces, tall stoneware jug, gray body; tall stone- 
ware vase with opalescent lining; and white stoneware 
bowl with copper-reduced lining; all fine examples of 
modern functional pottery, with architectural qualities; 
excellent for use in a modern home, for instance, one de- 
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signed by Frank Lloyd Wright; glazes again enhance the 
material and the forms provide the decorative note. 
Prize ($100, divided) given by Hanovia Chemical and 
Manufacturing Co., Newark, N. J. 


“The Dictator’ by Viktor Schreckengost, Cleveland, Ohio. 

The Roman Emperor dwarfs the figures of Hitler and 
Mussolini (right) and Stalin and his sickle (left, not seen in 
photo); Emperor’s feet are resting each side of the British 
lion; work is characteristic of Schreckengost’s sculpture 
with its humor; one of five pieces by Schreckengost in 
Exhibition. 


Pottery, Second Prize: $50 to Edwin and Mary Schirer of 
Durham, N. H. 


Mr. Schirer, stoneware bowl, thrown and decorated with 
fine plastic figures; Mrs. Schirer, thrown stoneware vase, 
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ribbed; fine form and texture; both exhibiting for the first 
time. Prize ($100, divided) given by the Hanovia Chemi- 
cal and Manufacturing Co., Newark, N. J. Honorable 
Mention: Beatrice Wood, West Hollywood, Calif., for 
large plate, two stylized clown heads on oyster white back- 
ground; good potting; decoration, mural in effect. 


Pottery, Honorable Mentions: Carlton Atherton, Clara 
K. Nelson, and Karl Martz. 


Mr. Atherton, Ohio State University, Columbus, Ohio: 
stoneware jar with blue decoration, definitely marked 
pattern; pleasing form and color. 

Miss Nelson, New York State College of Ceramics, 
Alfred, N. Y.: red clay plate, carved and glazed. 

Karl Martz, Nashville, Ind.: ‘‘The Golden Belle,’’ 
wide-rimmed bowl, brown underglaze decoration; yellow 
“orange-peel”’ glaze. 


NATIONAL COUNCIL FOR ART WEEK 
NOVEMBER 25 TO DECEMBER 1 


Sales Exhibits Planned to Sell American Art to the American Home 

Under the leadership of Francis Henry Taylor, Director 
of the Metropolitan Museum of Art, and of thirty repre- 
sentatives of the foremost art organizations and institu- 
tions in the country, forming a National Council, Art 
Week will be observed November 25 to December 1, 
1940, with one thousand exhibitions in as many com- 
munities. For a preliminary notice of plans, see The 
Bulletin, October, 1940, p. 414. 

Mr. Taylor was requested by the President to act as 
Chairman of the National Council for Art Week and to 
name its members. Five federal agencies carrying on 
nation-wide programs in the arts and in the crafts have 
joined the President in this request. The National Council 
will also have the support of state and municipal govern- 
ments. All artists and craftsmen will be invited to partici- 
pate in the exhibition of their work, and all those interested 
in the development and purchase of American arts and 
crafts will be asked to cooperate. 

Encouragement for these displays of community arts 
and crafts ‘‘to inspire the purchase of a piece of American 
art and crafts for every American home’”’ is given by the 
great revival of popular interest in American art as noted 
in the attendance last year of twenty million visitors at art 
museums and galleries. More than three million persons 
have been participating in activities of the WPA Com- 
munity Art Centers and the record crowds have visited 
the American Art Today exhibitions at the New York 
World’s Fair. 

The majority of the thirty million homes in this country 
represent the potential market for American artists and 
craftsmen. For the first time on a national scale a broad 
coordinated effort is being made to invite the public to 
see and purchase, at moderate prices, original works of art 
and craft articles passed on by local experts. 
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NEW YORK SOCIETY OF CERAMIC ARTS 
SYMPOSIUM ON POTTERY GLAZES 


The New York Society of Ceramic Arts held a sym- 
posium on Pottery Glazes at the Metropolitan Museum of 
Art, New York, N. Y., on October 18. One hundred and 
fifty persons were in attendance. 

The following program was presented: 

(1) Introductory remarks (briefly covering the origin, 
history, and classification of glazes) by LAWRENCE E. 
BARRINGER, President, New York Society of Ceramic 
Arts. 

(2) ‘“‘Quality in Glazes” by J. PALIN THORLEY, Dept. of 
Ceramics, Univ. of Pittsburgh, Pittsburgh, Pa. 

(3) ‘‘Glaze Compositions for Various Ware and Tem- 
peratures’? by Miss MARION L. Fospick, New York State 
College of Ceramics, Alfred, N. Y. 

(4) “Crystalline Glazes’’ by 
Macklin Co., Detroit, Mich. 

(5) ‘Stoneware Glazes’”’ by THomaAs S. HAILE, London, 
England. 

(6) ‘Bristol Glazes’” by WALTER Howat, Tottenville, 
Staten Island, N. Y. 

(7) ‘Vapor Glazes’”’ by H. G. ScHuREcHT, New York 
State College of Ceramics, Alfred, N. Y. 

(8) ‘‘Raw Glaze, Tin Enamel, and Underglaze Color 
Printing” by CHARLES B. Upjoun, formerly of Columbia 
University. 

(9) “Simple Processes in Glaze and Decoration’’ by 
H. AIMEE VOORHEES, Inwood Pottery Studios, New York, 


Coming Events 

The next meeting of the New York Society of Ceramic 
Arts will be held in the Metropolitan Museum of Art 
December 5 with Waylande Gregory, who is well known 
as a ceramic artist, the speaker. Mr. Gregory’s topic will 
be “Creative Achievement in Ceramic Sculpture—Auto- 
biographical.”’ 

The Fortieth Annual Exhibition to be sponsored by this 
organization will be held February 5 to 26, 1941, inclu 
sive, at the National Arts Club, 15 Gramercy Park, New 
York, N. Y. 


RICHARD LANE, 


LAWRENCE E. BARRINGER, President 


ANGELA GREGORY AT NEWCOMB 
COLLEGE 


Miss Angela Gregory has been appointed artist in resi- 
dence for the 1940-1941 session at the art school of New- 
comb College, the women’s division of Tulane University 

Miss Gregory, a native of New Orleans, was awarded 
the degree of Bachelor of Design by Newcomb in 1925, 
and she received the graduate degree of Master of Arts 
from Tulane this year. She also studied at the New York 
School of Fine and Applied Art and the Académie de la 
Chaumiére in Paris. She was engaged from 1926 to 1928 
in the private studio of Antoine Bourdelle, noted French 
sculptor, and has traveled and worked extensively in Italy. 

Exhibits of Miss Gregory’s architectural sculpture are 
to be seen at the Louisiana State Capitol Building; the 
Louisiana State Museum; the Orleans parish courthouse; 
and Newcomb College, the Hutchinson Memorial 
Building, the McAlister Auditorium, and the new Howard- 
Tilton Memorial Library, all on the Tulane campus 
Miss Gregory has also executed commissions of a similar 
kind in other cities in this country and in France, and her 
work has been represented in over twenty-five exhibitions 
in various parts of America and abroad. 
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COMMITTEE ON CERAMIC DATA 


The National Research Council has authorized the Com- 
mittee on Chemical Data for Ceramists of the Division of 
Chemistry and Chemical Technology of the Council to 
solicit funds to be used in searching for physical con- 
stants of chemical substances of interest in the ceramic and 
glass fields. Where agreement is lacking, various values 
will be given; where no information is obtainable, this 
will be indicated. 

The findings of the Committee, after approval by the 
National Research Council, will be distributed to colleges 
and universities, government bureaus, and research insti- 
tutes to urge research to determine or correct data. The 
report will also be distributed to individuals in the ceramic 
and glass fields. 

Much important material is either erroneous or lacking. 
The Committee, which consists of Alexander Silverman, 
Univ. of Pittsburgh, Chairman; George W. Morey, Geo- 
physical Laboratory; and Frederick D. Rossini, National 
Bureau of Standards, will welcome suggestions and co- 
operation. Contributions of $25 to $100 each are being re- 
quested of manufacturers in the ceramic and glass fields. 
Checks should be made payable to the National Research 
Council and should be sent to Dr. Silverman. 


AIR HYGIENE FOUNDATION ANNUAL 
MEETING 


The fifth annual meeting of the Air Hygiene Foundation, 
scheduled at Mellon Institute, Pittsburgh, November 12 
and 13, will insist that the health of workers is as im- 
portant as health of soldiers in girding America. Defense 
production demands the defense of employee health. 

Philip Drinker, Department of Industrial Hygiene, 
Harvard University, will lead a symposium on health 
safeguards in the mining, mechanical, and chemical indus- 
tries which bear the brunt of preparedness production; 
in the first World War, eight to nine men were busy in the 
mills keeping one soldier supplied at the front. 

Other participants in the symposium will include 
Captain Ernest W. Brown, Senior Medical Officer, Brook- 
lyn Navy Yard (Industrial Hygiene and the Navy in 
National Defense); Dr. P. A. Neal, National Institute of 
Health (U. S. Public Health Service in the Defense Pro- 
gram); Dr. Howard W. Haggard, Yale University, noted 
health writer (Noxious Gases); Dr. Carey P. McCord, of 
Detroit, Director, Industrial Health Conservancy Labora- 
tories (Health Protection in Electric Welding). 

L. Metcalfe Walling, Administrator, Division of Public 
Contracts, U. S. Labor Department, will outline health re- 
quirements on government contracts under the Walsh- 
Healey Act. 

William P. Yant, Research Director, Mine Safety Ap- 
pliances Co., of Pittsburgh, will talk on the protection of 
civilians in war time, especially from dangerous gases. 

Reports will be made on findings from Foundation- 
supported researches on industrial health problems by 
Dr. L. U. Gardner, Director, The Saranac (N. Y.) Labora- 
tory, Dr. Eliot R. Clark, University of Pennsylvania, and 
Professor Drinker. 

Dr. A. J. Lanza of New York, Chairman of the Founda- 
tion’s Medical Committee, will report on industrial-hygiene 
developments during the past year. 

Dr. W. M. Gafafer, Senior Statistician, U. S. Public 
Health Service, will make a progress report on the study of 
‘Sick Absenteeism in Industry,’’ which the Foundation is 
undertaking in collaboration with the Public Health Service 
and the Association of Industrial Physicians and Surgeons, 
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T. C. Waters, of Baltimore, member of the Foundation’s 
Legal Committee, will discuss the latest legislation af- 
fecting workmen’s compensation for occupational disease. 

Recent scientific developments in health protection of 
workers will be reviewed, with emphasis on combating 
increased hazards from increased production. 


BAUSCH & LOMB AND OUR NATIONAL 
DEFENSE 


Defending its eighty-seven year record on national de- 
fense, the Bausch & Lomb Optical Co., Rochester, N. Y., 
largest maker of military optical instruments, has issued a 
book containing laudatory letters from Secretaries Stim- 
son and Knox of the War and Navy Departments. It re- 
futes attacks on the company’s loyalty and patriotism, en- 
gendered by the indictment which charged restraint of 
trade in military optical instruments. 

Stimson said, ‘‘The relations between Bausch & Lomb 
and the War Department, extending over a long period of 
years, have been most satisfactory from every standpoint. 
At this critical time, the War Department has complete 
confidence in your company for excellence of workmanship, 
productive ability, and patriotic cooperation.”’ 

Although the case was settled in July by common con- 
sent, recurrent attacks accusing the company and its offi- 
cers of Nazi sympathies and ascribing sinister motives 
have continued, the statement asserts. 

In the opinion of high military authorities, the agree- 
ment between Bausch & Lomb and Zeiss, made in 1921, 
was beneficial to the armed services of the United States. 
‘The flow of engineering services was all from Germany”’ 
and not from the United States. 

‘“‘The Zeiss relationship had been unsatisfactory since 
1933, and when war broke out in Europe the American 
company notified Zeiss that it considered the contract sus- 
pended. Since then it has withheld royalties. 

‘The contract has had no effect on deliveries to the Army 
and Navy, nor has Zeiss ever had a voice in the determina- 
tion of prices charged the Army and Navy for military op- 
tical instruments manufactured by Bausch & Lomb.”’ 

Denying that the contract had resulted in a monopoly or 
created exorbitant prices, the company asserted that 
prices, for the most part, were the result of vigorous competi- 
tive bidding. ‘‘Over a nineteen-year period, our military 
division has shown a small but actual net loss.’’ 

Outlining its services in previous wars, the company 
said it had broken a foreign monopoly on optical glass dur- 
ing World War I and has persisted in further development 
of its research and facilities, although this material could 
have been imported at lower costs from abroad. 

Asserting that it is wholly American in ownership, man- 
agement, and control, the company said that its record in 
past emergencies and the enormous obligations it has as- 
sumed in the present emergency should be convincing evi- 
dence of its entire loyalty to the United States. 


MINERAL INDUSTRIES CONFERENCE, 
NOVEMBER 14 AND 15 


Dedication of the Natural Resources Building 

The Illinois Geological Survey, the Engineering Experi- 
ment Station of the University of Illinois, and the Illinois 
Mineral Industries Committee were hosts to the mineral 
industries organizations of Illinois and her sister states at 
the University of Illinois in Urbana-Champaign on 
November 14 and 15. 

Completion of the Natural Resources Building on the 
campus of the University of Illinois will begin a new chap- 
ter in the development of the State. This structure, 
equipped with the most up-to-date facilities for research, 
with complete offices and laboratories, will make possible 
research investigations of the natural resources of Illinois 
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that have not been undertaken heretofore for want of ade- 
quate facilities. Because it is dedicated to research and is 
unique among the states of this country, the State of IIli- 
nois wishes to express its justifiable pride in an appropriate 
manner. 

An open-house gathering was held on November 14 for 
inspection of the new offices and laboratories of the Geologi- 
cal Survey. An all-mineral industries luncheon was fol- 
lowed by concurrent separate sessions on Coal, Oil,and Gas, 
Clay and Clay Products, Rock and Rock Products, and a 
symposium on the Geology of the Devonian System con- 
ducted jointly with the Department of Geology of the 
University of Illinois. 

In honor of the dedication of the new building, the Indus- 
trial Minerals Division of the American Institute of Mining 
and Metallurgical Engineers held its fall meeting in Ur- 
bana, and its members participated in the sessions on Clay 
and Rock Products. 

The dedication ceremonies of the Natural Resources 
Building took place on November 15 under the auspices of 
the Board of Natural Resources and Conservation and the 
University Board of Trustees. Isaiah Bowman, noted 
scientist, lecturer, and educator, and president of the Johns 
Hopkins University, gave the dedication address. 

The Natural History Survey, which shares the building 
with the Geological Survey, sponsored conferences for its 
allied groups and joined in the dedication. State officials 
and delegates from leading universities and research institu- 
tions of the country and from various scientific and techni- 
cal societies were present. 

Following the dedication ceremonies, a reception was 
held in the foyer of the new building, and in the evening all 
of the groups joined in a dedication banquet. 


The Natural Resources Building 


Illinois Geological Survey Quarters 

Dedicated to research, looking to the greatest possible 
development of the innate natural wealth of the State, this 
building has been constructed largely of Illinois materials. 

Illinois face brick, made from Illinois shale in an Illinois 
plant, forms the exterior walls of the Georgian-style struc- 
ture. Illinois white oak has been used for the doors and 
panel trim of offices and laboratories. A new interior 
architectural stone, produced recently in Illinois, forms the 
foyer walls. This will be a permanent exhibit, planned 
especially for the inspection of architects. The terra 
cotta that lines the walls of the laboratories was manufac- 
tured in Illinois, as well as the hollow tile used for interior 
wallsand partitions. The sand in the masonry mortar and 
wall plaster and the aggregate for the concrete-foundation 
walls, structural columns, and floors are products of the 
rich and varied natural resources of Illinois. 

Rising as a prominent feature of the south campus of the 
University of Illinois, the Natural Resources Building fits 
naturally into the campus panorama and conforms in 
style with other Georgian buildings nearby. 

Its interior is planned so as to utilize fully and effi- 
ciently every cubic foot of space. The first floor, with its 
lobby, exhibit insets, and administrative offices, receives 
with dignity the interested citizen, investor, or technolo- 
gist, who comes for service and information regarding the 
natural resources of the State and the products derived 
from them. 

The other three floors are given over almost entirely to 
offices and laboratories. The piping for water, steam, com- 
pressed air, gas, and vacuum services is exposed and there- 
fore is readily accessible for tapping or for making any 
changes that may be necessary to meet a flexible research 
program and, equally important, to permit repair and main- 
tenance of service lines without destruction of walls and 
ceilings. The large chimneys, a characteristic but usually 
nonfunctional feature of Georgian architecture, are fully 
utilized in this building, because they serve as flue outlets 
for the numerous chemical hoods in the laboratories 
throughout the building. Electric current of various volt- 
ages to meet any possible research needs is available from 
scores of outlets. 
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Nine separate laboratories are to be devoted especially 
to the study of coal, supplemented by an X-ray laboratory, 
a spectrographic laboratory, a coal grinding room, a ma- 
chine shop for making special research equipment that 
cannot be purchased, a small chemists’ shop for glass- 
blowing and the assembly of chemical apparatus, a techni- 
cal files room, where mine and drilling data are kept, a 
library, and an office of mineral economics. 


Coal Research 


Fundamental research on the botanical constitution of 
Illinois coal and applied research to utilize the information 
thus gained are to be carried out in laboratories on the 
second floor. It can now be said that the Illinois Geologi- 
cal Survey is literally ‘“‘tearing coal apart’”’ and determining 
the identity and characteristics of the original plant sub- 
stances of which the different coal components are made 
The mineralogy of the inert materials in coal is also to 
be thoroughly investigated. A better and more complete 
understanding of coal will result from these studies, lead- 
ing to the devising of preparation methods that will im- 
prove stoker fuel, coal for domestic coke, and coal bri- 
quettes. Important groundwork is also being laid for re- 
searches dealing with the gasification of coal, the liquefac- 
tion of coal to make motor fuels, and the chemical use of 
coal fractions. 

All chemical research on coal is to be carried out in the 
laboratories of the Geochemical Section on the third floor. 
Standard analyses will be made in the analytical labora- 
tories, and special problems of analysis will be handled in 
the analytical research laboratory. 

To give attention to research on the physical properties 
of coal, a branch of research that heretofore has been only 
partially presented, physics laboratories have been 
equipped on the fourth floor. This program of physical 
research will be fundamental to a better understanding of 
coal and its possibilities and will also include research on 
coal briquetting and combustion. 

Researches and experimentation on a scale too large for 
the laboratories of the Natural Resources Building will be 
conducted in the new Geological Survey Applied Research 
Laboratory located near the new power plant of the Uni- 
versity. The new briquetting machine, now nearing com- 
pletion in the plant of the J. P. Devine Manufacturing 
Company at Mt. Vernon, Illinois, will be located in this 
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building. After the installation of the machine and after 
whatever modifications may be necessary, it will be used to 
demonstrate the manufacture of smokeless briquettes. 
Special combustion studies will also be carried on in this 
building. 


Other Minerals Research 


With respect to oil, gas, and water resources, ample 
quarters are provided for the filing of well logs, the study 
of cuttings and cores, the drafting of log-strips and maps, 
preparation of reports, and the handling of interviews and 
correspondence. Laboratories are fully equipped for the 
analysis of oil, gas, and brines and for the determination 
of the porosity, permeability, and saturation of oil sands. 


Clay Research 


The study of the State’s resources of industrial minerals 
involves separate investigations of many types of clays, 
shales, limestones, dolomites, sandstones, silica sand, 
tripoli, fluorspar, molding sand, fuller’s earth, and other de- 
posits. The expectation of finding new and improved uses 
for these materials and the need for full investigation of the 
economics of their distribution and marketing were im- 
portant items that had to be considered in planning special 
laboratories, sample files, preparation rooms, and offices. 
Among the ten laboratories to be devoted to this work 
alone is a special microscopic laboratory for the study of 
the physical and mineralogical composition of clays and 
shales and laboratories in physical chemistry and fluorine 
research. This equipment together with X-ray and spec- 
trographic apparatus and other special physics and chem- 
istry facilities that have been provided will see consider- 
able service in the industrial mineral research program. 

The Department of Ceramic Engineering of the Univer- 
sity, a sister research agency in ceramic materials, already 
has adequate equipment in kilns, furnaces, and other 
apparatus, and these have not been duplicated. 

Improved quarters have also been provided for the divi- 
sions of paleontology and stratigraphy, areal and engi- 
neering geology, petroleum geology, subsurface geology, 
mineral economics, educational extension, and publications 
and records. That portion of the building occupied by the 
State Natural History Survey is planned with equal effi- 
ciency for the most modern research on the biologic re- 
sources of the State. 


Why Corporation Members? 
Why Meeting Registration Fees? 
Here, Graphically, Is Your 1939 Financial Statement 
Based on Total Income 


activities costs. 
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Tora. Memacasnie Dues SALES ¥ ADVERTISING oN t 
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Tanks, 
Furnaces, Suspended Arches, and Lehrs are as 
necessary to glass manufacturers as the question 
mark, comma, colon, and period are to the 


language of educated folks. 


The man who cares, says SIMPLEX Tanks, 
Furnaces, etc., enable him to make _ better 


glassware. 


Be not satisfied with your present setup. See 


a Simplex Representative today for improve- 


ments in design. 


FRAZIER-SIMPLEX, INC. 


ENGINEERS 


436 E. BEAU STREET * WASHINGTON, PENNA., U.S. A. 
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Abrasives 

Carborundum Co. 
Aloxite) 

Celo Mines, Inc. —_—- Garnet) 

The Hommel, 

Air Conditioning Systems 
Frazier-Simplex, Inc. 

Aloxite (Refractory Products) 
Carborundum Co. 

Alumina (Hydrate and Calcined) 
Ceramic Color & ——- Mfg. Co. 
Drakenfeld, B. F., 

Du Pont de Nemours, BE. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Pennsylvania. Salt Mfg. Co. 

The Vitro Mfg. Co. 

Alumina (Fused) brick and Tile 
The Vitro Mfg. Co. 

Aluminum Oxide (Calcine) 

The Hommel, O., ae Inc. 
The Vitro Mig. Co 

Aluminum Oxide used) 
Co. 
Harshaw Chemical Co. 
Norton Co. 

The Vitro Mfg. C 

Alundum (Refractory Products) 
Norton Co. 

Ammonium Bicarbonate 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 
Solvay Sales Corp. 

Ammonium Bifluoride 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

The Vitro Mfg. Co. 

Ammonium Carbonate 
Ceramic Color & een Mfg. Co. 
Drakenfeld, B. F., 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

The Vitro Mfg. Co. 

Antimony Oxide 
Ceramic Color & Yo Mfg. Co. 
Drakenfeld, B. F., 

Du Pont de Nemours, & 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
The Vitro Mfg. Co. 
Antimony Sulphide : 
Edgar Plastic Kaolin Co. 
Foote Mineral Co. 
The Hommel, O., Co., Inc. ; 
Arches Suspending, and Circu- 
ar) 
Frazier-Simplex, Inc. 
Green, A. P., Fire Brick Co. 

Arsenic 

Drakenfeld, B. F., & Co. 

Harshaw Chemical ag" 

The Hommel, O., Co., 

-Richardson Co. of Indiana, 


(Carborundum and 


pe. "Brick Car Loaders 
Lancaster Iron Works, Inc. 

Ball Mills 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 

Inc. 

McDanel Refractory Porcelain Co. 
The Vitro Mfg. Co. 

Ball Mills (Laboratory Type) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


nc. 
The Vitro Mfg. Co. 
Barium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, B. 1., & Co., fac 
R. & H. Chemicals Dept. 
Edgar Plastic Kaolin Co. 
Foote Mineral Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., 
The Vitro Mfg. Co. 
Basic Oxides 
Porcelain Enamel and Mfg. Co. 


Inc. 


Batch Systems 
Frazier-Simplex, Inc. 

Lancaster Iron Works, Inc, 
National Engineering Co. 

Batts 
Carborundum Co. (‘‘Carbofrax Alozite’’) 
Denver Fire Clay Co. 

Norton Co. (Alundum-Crystolon) 

Beryl 
Foote Mineral Co. 

Bichromate of Soda 
Harshaw Chemical Co. 

The Hommel, O., Co., In 

Bitstone 
Potters Supply Co. 

Blocks (Refractory) 

Carborundum Co. 

Corhart Refractories Co. 
Denver Fire Clay Co. 
Green, A. P., Fire Brick Co. 
Louthan Mfg. Co. 

Norton Co. 

The Vitro Mfg. Co. 

Body Stains 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 

Bone Ash 
Denver Fire Clay Co. 

Harshaw Chemical Co. 
The Hommel, O., Co., Inc 

Borax 
American Potash & Chemical Corp. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Borax Glass 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Boric Acid (Anhydrous) 

Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boric Acid (Crystal, Granular, or Powder) 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boron Carbide 
Norton Co. 

Brick Machines (also Barrows, Molds) 
Lancaster Iron Works, Inc. 

Brick (Refractory) 

Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Corhart Refractories Co. 

Denver Fire Clay Co 

Green, A. P., Fire Brick Co. 

Norton Co. 

The Vitro Mfg. Co. 

Cadmium Sulphide 
Drakenfeld, B. F., & Co. 

Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 

Carbofrax (Refractory Products) 
Carborundum Co. 

Carbonates (Barium, Lead) 

Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Edgar Plastic Kaolin Co. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

The Vitro Mfg. Co. 

Castings 
Lancaster Iron Works, Inc. 

Castings (Abrasive Resisting) 

Bethlehem Steel Co. 

Caustic Potash 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 


Inc., 


The Hommel, O., Co., Inc. 
Solvay Sales Corp. 
Caustic Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Cements 
Carborundum Co. 
Corhart Refractories Co. 
Green, A. P., Fire Brick Co. 
Norton Co. 
Pennsylvania Salt Mfg. Co. 
Ceramic Chemicals 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. & Co., 
R. & H. Chemicals ee 
Edgar Plastic Kaolin Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Metal & Thermit Corp. 
Pennsylvania Salt Mfg. Co. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Cerium Oxide 
Drakenfeld, B. F., & Co. 
Foote Mineral Co. 
Chromite (Natural Chromate of Iron) 
Foote Mineral Co. 
Chromium Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. i., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Clay (Ball) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
United Clay Mines Corp. 
The Vitro Mfg. Co. 
Clay (Bentonite) 
Edgar Plastic Kaolin Co. 
Great Lakes Foundry Sand Co. 
Clay (Block) 
Du ee de Nemours, E. I., & Co., 
& H. Chemicals Dept. 
Clay (China) 
Ceramic Color & Chemical Mfg. Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
The Vitro Mfg. Co. 
Clay—Cleaners, Feeders 
Lancaster Iron Works, Inc. 
Clay (Electrical, Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel, O., Co., Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Clay (Enamel) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc., 


Inc., 


Inc., 


Inc., 


Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L. 
Meta! & Thermit Corp. 
Paper Makers Importing Co. 
Porcelain Enamel and Mfg. Co. 
Spinks, H. C., Clay Co. 
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THE 
SUPERIOR KAOLIN 


ASSURED UNIFORMITY DEPENDABLE RESERVES 
AMPLE STOCK PROMPT SHIPMENTS 


You Are Invited To Visit Our Plant 


KAOLIN, INCORPORATED 


Main Office, Mine and Mill - SPRUCE PINE, N. C. 
INDIANAPOLIS OFFICE - - - - 1511 W. WASHINGTON ST. 


)| THE HOUSE OF HOMMEL ic 
SUPPLIERS OF ALL CERAMIC WEEDS 
Quality 


FRITS 
COLORS 


CHEMICALS 


Stocked for 


IMMEDIATE 
SHIPMENT 


THE 


O. HOMMEL Co. 


Pittsburgh, Pa. 


Pacific Coast Agents 
L. H. BUTCHER CO. 


Les Angeles - Salt Lake City - San Francisco - Portland - Seattle 
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BORAX Pue BORIC ACID 


Select the Brand which has back of it years of successful use 
by experienced Ceramists 


Pacific Coast Borax Co., New York 


Chicago Los Angeles 


BACK NUMBERS 


JOURNAL OF AMERICAN CERAMIC SOCIETY 
AND ALL IMPORTANT MAGAZINES FROM THE WORLD OVER 


| We furnish single copies, volumes, or sets reasonably and promptly | 


WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 950 University Avenue, New York 


[ 
Ceramic Service? 
We Give It 


We Sell— 

We Manuf anaemic Ball Clays—Kentucky 
Pins—all shapes and lengths Sagger Clays—Kentucky 
Stilts Ground Fire Clay—Ohio, 

Pennsylvania 
Thimbles Bitstone—all sizes 
Spurs Fire Brick 

Imported Paris White 
Saggers Domestic Whiting 
Crucibles Georgia Kaolin 
Tile for Decorating Kilns Modeling Clay 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 


| 
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CERAMIC G@UDIND COLORS 


E. I. DU PONT DE NEMOURS & CO. (INC.) 
THE R. & H. CHEMICALS DEPT. e CERAMIC DIVISION 
WILMINGTON, DELAWARE 


pu pont 
yecoRA pu pont ceRAM™ ~ 
coro cER amic RATIONS e pont CERAMIC coors 
L Rs aAMic corors AND pECORATION® e 
pu PONT ‘pu PONT CERAMIC covors AND DEC! 
| AND peCORATIO CERAMIC coors AND oECORATION® 
| 
CERAMIC co oRATIONS pv pont CERAMIC 
| TIONS ° pu P pu pont cERAMIC coro0rs ant 
Pp TERY ecoRATIONs © gu RONT 
our complet? of colors and 
DU pon ‘ e OV pont 
ancludes every decor 
cine material: gtandard and special 
—_coror® app veco® tor and Blas?” pu PONT cERAMIC couo! 
wares preciov® metal 
and other ceramc materials: a (Qe 
CERAMIC coors AND) ER, ND pecor 
gHIPPEP IN MIC 
MODERN CONTAINER? S 
amons pont 4 Sw 
cavalcade of on the 4 
Yation- wid? Network j | 
| | pu P 
| 
| CERAMIC 


16 Bulletin of The 


FORTY-THIRD ANNUAL MEETING OF 
THE AMERICAN CERAMIC SOCIETY 
BALTIMORE, MARYLAND, MARCH 30 to APRIL 5, 1941 


THE STAR SPANGLED BANNER 


Fort McHenry, with its antiquated guns frowning over Baltimore harbor, 
is one of the nation’s foremost historic shrines—the birthplace of the Star 
Spangled Banner. Our National Anthem was written in Baltimore on the 14th 
of September, 1814, by Francis Scott Key, a native of Frederick, Maryland. 

After the burning of Washington, the British fleet, comprising sixteen bomb 
and rocket vessels convoying 5,000 land troops, sailed up the Chesapeake Bay 
to capture the city of Baltimore. The British soldiers debarked at North 
Point and advanced on the city, while the warships prepared to attack Fort 
McHenry. On the evening of September 12, Key went aboard the British 
flagship to arrange for the release of Dr. William Beanes, a native of Maryland, 
who had been arrested by the British. Because of the impending battle, Key 
was returned to his flag-of-truce ship under a marine guard and forced to 
remain immediately in rear of the fleet. 

Shot and shell rained upon McHenry’s ramparts throughout the next day 
and night. Toward morning of the fourteenth, Key’s anxiety was multiplied 
a hundred-fold when, by reason of its ineffective range, the Fort ceased fire, 
and he could no longer hear the reassuring roar of its guns. 


Dawn’s Early Light!’’ 


Shortly before daybreak, the 
British guns became silent, and 
through the smoke-thickened 
mist of dawn, Key kept a con- 
stant vigil in the direction of the 
battle-scarred Fort. Imagine his 
elation when he saw dimly but 
surely the Stars and Stripes wav- 
ing in proud defiance above the 
Fort! In the exultation of that 
sublime moment and aflame with 
patriotic fervor, Key jotted down 
on the back of a letter a hasty out- 
line of that stirring tribute to the 
defenders of Baltimore—an im- 
mortal panegyric to the flag of his 
native land. 

Repulsed on land as well as on 
water, the British troops re- 
embarked and the fleet sailed 
away. Key returned to Balti- 
more, where his poem was re- 
ceived with popular acclaim. 
Hundreds of copies were printed 
and the words were sung to the 
tune of ‘“‘Anacreon in Heaven.” 
The popularity of the song soon 
became nation-wide, and it was 
generally accepted as our national 
anthem. However, it was not 
until 1931 that Congress gave 
official recognition to the Star 
Spangled Banner. 
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The best West of the Rochies 


e POTTERY CLAYS 


English and American 


e CERAMIC COLORS 
Blythe Colour Works, Ltd. 


e SLABS...SETTERS...SAGGERS 


New Castle Refractories Co. 


e STANDARD PYROMETRIC CONES 


Edward Orton, Jr., Ceramic Foundation 


e FRANTZ FERROFILTERS 
e LAKEFIELD NEPHELINE SYENITE 


Great Lakes Foundry Sand Co. 


ELWYN L. MAXSON 
112 W. 9TH ST. Conamic Materials LOS ANGELES 


HIGHEST QUALITY 
IMPORTED ann DOMESTIC 


CLAYS 


FLINT TALC 
WHITING 


PRECIPITATED CALCIUM CARBONATE 


f 
| WS IMPop 


Thomas Alabama Kaolin Co. 
Titanium Alloy & Mfg. Co. 
United Clay Mines Corp. 
The Vitro Mfg. Co. 
Clay (Fire) 
Denver Fire Clay Co. 
Great Lakes Foundry Sand Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Potters Supply Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Clay (German Vallendar) 
Ceramic Color & a Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de & Co., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Kentucky Clay Mining Co. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Clay (Micronized) 
Porcelain Enamel and Mfg. Co. 
Clay Miners 
Edgar Plastic Kaolin Co. 
Great Lakes Foundry Sand Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Clay (Potters) 
Denver Fire Clay Co. 
Hammill & Gillespie, Inc. 
The Hommel, O., Co., Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Clay (Process Equipment) 
Lancaster Iron Works, Inc. 
National Engineering Co. 
Clay (Sagger) 
Edgar Plastic Kaolin Co. 
Great Lakes Foundry Sand Co. 
The Hommel, O., Co., Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Clay-Slip (Albany) 
Hammill & Gillespie, Inc. 
United Clay Mines Corp. 
Clay (Wad) 
Kentucky Clay Mining Co. 
Potters Supply Co. 
Spinks, H. C., Clay Co. 
Thomas Albama Kaolin Co. 
United Clay Mines Corp. 
Clay (Wall Tile) 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
Kentucky Clay Mining Co. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Spinks, H. C., Clay Co. 
Thomas Alabama Kaolin Co. 
United Clay Mines Corp. 
Cleaners 
Pennsylvania Salt Mfg. Co. 
Porcelain Enamel and Mfg. Co. 
Cleaners, Chemical 
Harshaw Chemical Co. 
Pennsylvania Salt Mfg. Co. 
Clocks (Gauge Board) 
The Hommel, O., Co., Inc 
Cobalt Oxide 
Ceramic Color & — Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Ingram- Richardson Mfg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cobalt Sulphate 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical 
The Hommel, O., Co. 
Ingram- Richardson Mtg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cone Plaques 
Industrial Ceramic Products, Inc. 


Inc., 


Inc., 


Cones 
Accurate Pyrometric Cone Co 
The Edward Orton, Jr., Ceramic Founda- 

tion 

Conveying Equipment 
Frazier-Simplex, Inc. 

Lancaster Iron Works, Inc. 
National Engineering Co. 

Copper Oxide 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co 
The Hommel, O., Co., 

Corhart 
Corhart Refractories Co. 

Cornwall Stone (Imported) 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 

Hammill & Gillespie, Inc. 

Harshaw Chemical Co 

The Hommel, O., Co., Inc. 

Maxson, Elwyn L. 

Paper Makers Importing Co. 

Crucibles (Filter, Melting, Ignition) 
Carborundum Co. 

Denver Fire Clay Co. 
Norton Co. 
Potters Supply Co. 

Crushers (Clay) 

Lancaster Iron Works, Inc. 

Cryolite (see Kryolith) 

Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
The Vitro Mfg. Co. 
Crystolon (Refractory Products) 
Norton Co. 
Cullet, Washing Plants, Incinerators, Crush- 
ers 
Frazier-Simplex, Inc. 

Cutters (Bar) 

Industrial Ceramic Products, Inc. 

Decorating Supplies 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals 

Harshaw C Co. 

The Hommel, O., Co., Inc. 

The Vitro Mfg. fn 

Disintegrators 
Lancaster Iron Works, Inc. 

National Engineering Co. 

Dryer (Pipe Rack) 

Lancaster Iron Works, Inc. 

Drying Machinery 
Frazier-Simplex, Inc. 

Lancaster Iron Works, Inc. 
Proctor & Schwartz, Inc. 

Electrocast Refractories 
Corhart Refractories Co. 

Enamelers’ Borax 
Porcelain Enamel and Mfg. Co. 

Enameling Equipment (Complete) 

Ceramic Color & Chemical Mfg. Co. 
Frazier-Simplex, Inc. 

The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc. 


Inc., 


Inc. 
The Vitro Mfg. Co. 
Enameling Furnaces 
Carborundum Co. 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 
Ingram- Richardson Mfg. Co. of Indiana, 
Inc. 
Lancaster Iron Works, Inc. 
Norton Co. 
Enameling Iron (Sheet) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Enameling Muffies 
Bethlehem Steel Co. 
Carborundum Co. (Carbofrax) 
Frazier-Simplex, Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc 
Norton Co. (Alundum) 
Enameling (Practical Service) 
Ceramic Color & — Mfg. Co. 
The Hommel, O., Co., In 
wee Richardson Mfg. Co. of Indiana, 


ey & Thermit Corp. 

Porcelain Enamel and Mfg. Co. 

Titanium Alloy & Mfg. Co. 

The Vitro Mfg. Co. 

Enamels 

Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Co. 

Du Pont de Nemours,E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 

Porcelain Enamel and Mfg. Co. 

The Vitro Mfg. Co. 


Enamel Oxide 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., 
R. & H. Chemicals Dept. 
Enamels (Porcelain) 
Ceramic Color & Chemical Mfg. Co. 


& Co., Inc., 


The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc 

Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 

Equipment (Porcelain Enameling) 
Ceramic Color & Chemical Mfg. Co. 
The DeVilbiss Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc. 
Exhaust Systems 
The DeVilbiss Co. 
Feldspar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Filter Fabrics 
Metakloth Company 
Fire Brick 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Green, A. P., Fire Brick Co. 
Norton Co. 
Fire Brick—Process Equipment 
Lancaster Iron Works, Inc. 
Fire Clay 
Denver Fire Clay Co. 
Great Lakes Foundry Sand Co. 
Green, A. P., Fire Brick Co. 
Spinks, H. C., Clay Co. 
Thomas Alabama Kaolin Co. 
Flint 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc. 
R. & H. Chemicals Dept. 
Great Lakes Foundry Sand Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Porcelain Enamel and Mfg. Co. 
Flint Pebbles 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 


Inc., 


Inc. 
The Vitro Mfg. Co. 
Floors (Non-Slip) 
Norton Co. 
Fluorspar 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
French Flint 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Frit 
Ceramic Color & Chemical Mfg. Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Frosting Mixtures 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Fuel Oil Systems ‘and Control, ‘Stokers 
Bethlehem Steel Co. 
Frazier-Simplex, Inc. 
Furnaces 
Carborundum Co. (Carboradiant) 
Denver Fire Clay Co. 
Frazier-Simplex, Inc. 
The Hommel, O., Co., 
-Richardson Co. of Indiana, 
In 
Corp. 
Furnaces, Enameling 
Swindell-Dressler Corp. 
Glass Bending Ovens, Glass Decorating Ma- 
chines 
Frazier-Simplex, Inc. 
Glass Equipment 
Hartford-Empire Co. 
Lancaster Iron Works, Inc. 
Glass Melting Tanks and Furnaces 
Frazier-Simplex, Inc. 
Glass Sand 
Great Lakes Foundry Sand Co. 
Glass Thickness Gauge 
Bausch & Lomb Optical Co. 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
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THE SHARP-SCHURTZ EMERSON P. Poste 


CONSULTING CHEMICAL ENGINEER 


COMPANY 


ANALYSES: CERAMIC RAW MATERIALS AND PRODUCTS, 


FUELS, IRON AND STEEL, ETC. 
CHEMISTS FOR THE CERAMIC INDUSTRY 


SPECIAL INVESTIGATIONS: PHYSICAL AND CHEMI- 


WE HAVE FULLY EQUIPPED LABORATORIES AT CAL TESTS ON ENAMEL, ETC. 


309 McCALLIE AVE., 


CERAMITALC 


REGISTERED IN U. S. PATENT OFFICE 


SPECIAL TALC for CERAMIC BODIES 
INTERNATIONAL PULP CO. 


41 PARK ROW LIBERAL SAMPLES FREE NEW YORK 


All Types of Cireular and Straight Tunnel Kiins 


SWINDELL-DRESSLER CORPORATION 


Post Office Box 183838 Pittsburgh, Pa. 
Lehrs and Enameling Furnaces, Electric and Gas Fired 


Full Details Furnished on Request 


WRITE FOR CATALOG 


THE LOUTHAN MANUFACTURING COMPANY 


NEW YORK EAST LIVERPOOL, OHTO, U.S. A. LOS ANGELES 


INDUSTRIAL CERAMIC PRODUCTS, Inc. 


MANUFACTURERS 


PINS CONE PLAQUES STILTS 


COLUMBUS, OHIO 


ROOM 
visi nS KES 
REQ ct GETTER acre 
RINGS 
, ARE RACKS 
104 


Maxson, Elwyn L. 
Paper Makers Importing Co. 
Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Glazes and Enamels 
Ceramic Color & eo‘ Mfg. Co. 
Drakenfeld, B. F., 
Du Pont de —Aiabedig EI -, & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical 
The Hommel, O., Co., 
Ingram- Richardson Mite on of Indiana, 


nc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
Goggles 
The Hommel, O., Co., 
Willson Products, Inc. 
Gold 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., 
The Vitro Mfg. Co. 
Gold Decorations 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 

Granulators 

Lancaster Iron Works, Inc. 

Grinding Wheels 

Carborundum Co. 
Aloxile) 

Chicago Vitreous Enamel Product Co. 

Norton Co. (Alundum-Crystolon) 

Hearths 

Carborundum Co. (Carbofrax heat treat- 
ing) 

Corhart Refractories Co. 

Green, A. P., Fire Brick Co. 

Norton Co. (Crystolon) 

Hearths (High Aluminous Clay, Electrically 
Sintered Aluminum Orxide, Silicon 
Carbide) 

Carborundum Co. 
Norton Co 

Hose (Air and Fluid) 

The DeVilbiss Co. 

Hydrotiuoric Acid 

Harshaw Chemical Co. 
Tne Hommel, O., Co., Inc. 

Iron Chromite 

Edgar Plastic Kaolin Co. 
Harshaw Chemical Co. 

Iron (Enameling) 

American Kolling Mill Co. 

Bethlehem Steel Co. 

Iron Oxide 

Ceramic Color & Chemical Mfg. Co. 

Drakenfeld, B. F., & Co. 

Du vont de Nemours, E. I., & Co., Inc., 
k. & H. Chemicals Dept. 

Edgar Plastic Kaolin Co. 

Harshaw Cnemical Co. 

Tne Hommel, O., Co., Inc. 

Porcelain Enamel and Mfg. Co. 

The Vitro Mfg. Co. 

Kaolin 

Ceramic Color & Chemical Mfg. Co. 

Edgar Plastic Kaolin Co. 

Hammill & Gillespie, Inc. 

Harshaw Chemical Co. 

The Hommel, O., Co., Inc. 

Maxson, Elwyn L. 

Paper Makers Importing Co. 

Thomas Alabama Kaolin Co. 

United Clay Mines Corp. 

The Vitro Mfg. Co. 

Kilns, China (Decorating) 

Denver Fire Clay Co. 

Drakenfeld, B. F., & Co. 

Frazier-Simplex, Inc. 

The Hommel, O., Co., Inc 

Swindell-Dressler Corp. 
Kilns-(Electric, Circular, Tunnel) 

Swindell-Dressler Corp. 

Kiln Furniture (Silicon Carbide, Semi-Silicon 

carbide) (Refractory) 
Louthan Mfg. Co. 
Kyanite 
Celo Mines, Inc. 
Kryolith (see Cryolite) 
Pennsylvania Salt Mfg. Co. 
Laboratory Ware 
Norton Co. 

Lehr Tile (High Aluminous Clay, Electrically 
Sintered Aluminum Oxide, Silicon 
Carbide) 

Carborundum Co. 

Lehrs 

Frazier-Simplex, Inc. 
Swindell- Dressler Corp. 


Inc. 


Inc. 


Inc., 


(Carborundum and 


Lehrs (Electric or Fuel Heated) 
Frazier-Simplex, Inc. 
Swindell-Dressler Corp. 
Lehr Loaders 
Frazier-Simplex, Inc. 
Linings (Furnace Refractory, Block Refrac- 
tory Plate, Brick, and Tile) 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc 
Norton Co. 
The Vitro Mfg. Co. 
Lithium Carbonate 
Drakenfeld, B. F., & Co. 
Edgar Plastic Kaolin Co. 
Foote Mineral Co. 
Lithium Minerals 
Foote Mineral Co. 
Loaders (Bucket) 
National Engineering Co 
Magnesia (Fused) 
Norton Co. 
Magnesia Calcined) 
Drakenfeld, & Co. 
Du Pont de Rade Bima E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Porcelain Enamel and Mfg. Co. 
Magnesite 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., 
The Vitro Mfg. Co. 
Magnesite Calcined 
Foote Mineral Co. 
The Hommel, O., Co., Inc. 
Magnesium Carbonate 
Drakenfeld, B. F., & Co. 
Harshaw Co. 
The Hommel, , ime. 
Manganese 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 


Inc. 


Inc. 


& Co., Inc., 


The Hommel, O., Co., Inc. 

The Vitro Mfg. Co 
Manganese Dioxide 

Drakenfeld, Bb. F., & Co. 


Edgar Plastic Kaolin Co. 
Foote Mineral Co 
Manganese (Oxide) 
Ceramic Color & Chemical Mfg. Co. 
Cornart Refractories Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept 
Harshaw Ct — al Co. 
The Hommel, O., Co., 
Masks (Breathing) 
The DeVilbiss Co. 
Drakenfeld, B. F., & Co. 
Willson Products, Inc. 
Metals (Porcelain Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Micronized Products 
Porcelain Enamel and Mfg. Co. 
Microscopes (Polarizing) 
Bausch & Lomb Optical Co. 
Spencer Lens Co 
Microscopes (Stereoscopic) 
Spencer Leus Co. 
Minerals 
Ceramic Color & ory Mfg. Co. 
Drakenfeld, B. F., & C 
Du Pont de Nemours, BE. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
The Vitro Mfg. Co. 
Mixers 
National Engineering Co. 
Mixers (Batch) 
Lancaster Iron Works, Inc. 
National Engineering Co. 


Inc. 


Mixers (Concrete, Paving, Road Paving, 
Plaster, Asphalt, Truck, Mortar, 
Bituminous) 


Lancaster Iron Works, Inc. 
Mixers (Laboratory) 

Lancaster Iron Works, Inc. 

National Engineering Co. 
Mold Sanders 

Lancaster Iron Works, Inc. 
Muffies (Furnace) (Laboratory) 

Carborundum Co. (Carbofraz) 

Denver Fire Clay Co. 

Frazier-Simplex, Inc 

Ingram-Richardson Mfg. Co. of Indiana, 

Inc. 
Norton Co 


Mullers (Batch) 
Lancaster Iron Works, Inc. 
National Engineering Co. 
Muriatic Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
Needle Antimony 
Edgar Plastic Kaolin Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Nepheline Syenite 
Great Lakes Foundry Sand Co 
Nickel Salts 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Nitrates (Cobalt, Sodium) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Nitre 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Norbide (Norton Boron Carbide) 
Norton Co. 
Olivine 
Du Pont de Nemours, E. I., & Co., Ine 
R. & H. Chemicals Dept. 
Opacifiers 
Ceramic Color & aeneeel Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana 
Inc. 
Metal & Thermit Corp. 
Pennsylvania Sait Mfg. Co. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Overglaze Colors 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 


Inc., 


Inc., 


Oxides 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & we 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw 
The Hommel, ¢ , Inc. 
‘Mfg. Co. of Indiana 
Inc. 
Metal & Thermit Corp. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Palladium Decorations 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 


Inc. 


The Hommel, O., Co., Inc. 
Industrial Ceramic Products, Inc. 
Ingram-Richardson Mfg. Co. of Indiana. 
Inc. 
Louthan Mfg. Co. 
Potters Supply Co. 
Pins (Tile Setter) 
Louthan Mfg. Co. 
Placing Sand 
Great Lakes Foundry Sand Co. 
United Clay Mines Corp. 
Platinum Decorations 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 
Polariscopes 
Bausch & Lomb Optical Co. 
Frazier-Simplex, Inc. 
Porcelain Enameling Service (Practical) 
American Rolling Mill Co. 
Ceramic Color & Chemical — Co. 
Du Pont de Nemours, E. I., & Co., Inc. 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Potters Wheels 
Denver Fire Clay Co. 
Potash (Carbonate) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 


Inc. 


Inc., 
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for POTTERY 
‘GLASS 
ENAMEL 


See our catalog in Ceramic Data Book 


CERAMIC COLOR AND CHEMICAL MFG. CO. 
New Brighton, Pa., U.S.A. 


WANTED BY SALESMAN: Additional line 
on commission basis. College Graduate. 
Now calling on ceramic industry east of 
Mississippi for old established firm. Has 
Best of 
references. Address Box 189F, American 
Ceramic Society, 2525 N. High Street, 
Columbus, Ohio. 


most satisfactory sales record. 


WANTED: Opportunity to offset rising 
taxes by cost reduction in mining or pros- 
pecting operations. 

Mining engineer with proved record 
specializing in ceramic and industrial min- 
erals, desires part-time conection with pro- 
gressive company interested in reducing 
raw material costs. 

If new capital outlay is indicated, but un- 
desirable, will consider contract mining 
with own modern equipment. 

Box 188F, American Ceramic Society, 2525 N. 

High St., Columbus, Ohio. 


Bethlehem Products 
forthe Ceramic Industry 


88-80 CASTINGS 


to save maintenance on grinding equipment 


BETHLEHEM ABRASIVE-RESISTING 
PLATES 


for chutes, hoppers, dump-car bottoms 


BETHLEHEM TOOL STEEL 


for dry press and repress liners 


BETH-CO-LOY SHEETS 


for long-lasting roofing and siding 


WIRE ROPE 


for all excavating and material-handling 
equipment 


Also—Light Rails, Steel Ties and 
Track Equipment, Steel Pipe 


BETHLEHEM STEEL COMPANY 


General Offices Bethlehem, Pa. 


POTTERIES - PLASTIC MFG. 

Patented sanitary-airtight-money-space 
saving, refrigerator pitcher. 

Sanitary features alone, besides other 
ones, needed in every home, institution, 
etc. 

A money maker for a live manufacturer. 

Royalty basis, write, 


Dod Haslup 
Grafton, West Virginia 


FORTY-THIRD ANNUAL 
MEETING 
MARCH APRIL 5 


THE AMERICAN 


CERAMIC SOCIETY 
BALTIMORE, MD. 


Colors 

Chemicals 

| 
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Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Producer Glass Plants 
Frazier-Simplex, Inc. 
Pug Mills 
Lancaster Iron Works, Inc. 
Pyrites (Natural Iron Sulphide) 
Foote Mineral Co. 
The Hommel, O., Co., Inc. 
Pyrometer Tubes 
Carborundum Co. 
Montgomery Porcelain Products Co. 
Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Denver Fire Clay Co. 
Green, A. P., Fire Brick Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Pyrometers (Optical, Radiation, Surface, Im- 
mersion, Needle) 
Leeds & Northrup Co. 
Pyrometer Instrument Co. 
Pyrometric Cones 
Accurate Pyrometric Cone Co. 
The —— Orton, Jr., Ceramic Founda- 


Racks, Firing 
Louthan Mfg. C 

Raw Material Equipment 
Frazier-Simplex, Inc. 
Lancaster Iron Works, Inc. 

Refractometers 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 

Refractories 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co 


Green, A. P., Fire Brick Co. 
Louthan Mfg. Co. 
Norton Co. 


Refractory Materials 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Louthan Mfg. Co. 
Norton Co. 
Titanium Alloy & Mfg. Co. 
Thomas Alabama Kaolin Co. 
Respirators 
The DeVilbiss Co. 
Drakenfeld, B. F., & Co. 
The Hommel, O., Co., Inc. 
Willson Products, Inc. 
Rutile 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Edgar Plastic Kaolin Co. 
Foote Mineral Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Willson Products, Inc. 
Saggers 
Carborundum Co. 
Norton Co. 
Potters Supply Co. 
Salt Cake 
American Potash & Chemical Corp. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
Sandblast Helmets 
Willson Products, Inc. 
Sandblast Sand 
Great Lakes Foundry Sand Co. 
Sand Grinder and Sifters 
Lancaster Iron Works, Inc. 
Saponin 
The Hommel, O., Co., Inc. 
Screening and Magnetic Separators 
National Engineering Co. 
Selenite of Sodium 
Drakenfeld, B. F., & Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Selenium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co 
Du Pont de Nemours, E. & 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Setters (Tableware) 
Louthan Mfg. Co. 
Sheets (Enameling Iron) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Silica (Fused) 
Edgar Plastic Kaolin Co. 
The Hommel, O., Co., Inc. 
Silicate of Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 


Silicon Carbide 
Carborundum Co. 
Norton Co. 

Silicon Carbide Firesand 
Carborundum Co. 

Sillimanite Refractories 
Denver Fire Clay Co. 

Slabs (Furnace) 
Carborundum Co. 


Ingram-Richardson Mfg. Co. of Indiana, 


Inc 
Norton Co. 
Soda Ash 
American Potash & Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Sodium Antimonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Sodium Metasilicate 
Harshaw Chemical Co. 
Sodium Nitrite 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Sodium Silica Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Sodium Uranate 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Soot Blowers 
Frazier-Simplex, Inc. 
Special Machines 
Frazier-Simplex, Inc. 
Spar 
Ceramic Color & aeons Mfg. Co. 


Du — de Nemours, E. & Co., Inc., 


& Chemicals 
Chemical Co. 
The Hommel, O., Co., Inc 
Maxson, Elwyn L. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Spray Booths 
The DeVilbiss Co. 
The Hommel, O., Co., Inc 
Spraying Equipment 
The DeVilbiss Co. 
The Hommel, O., Co., Inc. 
Spurs 
Louthan Mfg. Co. 
Potters Supply Co. 
Stacks 
Lancaster Iron Works, Inc. 
Steel Plate Construction 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 
Stilts 
The Hommel, O., Co., Inc. 
Industrial Ceramic Products, Inc. 
Louthan Mfg. Co 
Potters Supply Co. 
Sulfuric Acid 
Denver Fire Clay Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Pennsylvania Salt Mfg. Co. 
Talc 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw 
The Hommel, O. Inc. 
Paper Makers Co. 
Tanks 
Frazier-Simplex, Inc. 
Tank Blocks 
Corhart Refractories Co. 
Tanks (Pickle) 
The Hommel, O., Co., Inc. 
Tanks for Raw Material Steel or Concrete 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 
Tile (Floor) 
Norton Co. 


Co., Inc., 


Tile (Muffie) 
Carborundum Co. 
Norton Co. 
Tile Setter Pins 
Louthan Mfg. Co. 
Tile (Refractory) 
Carborundum Co. (Carbofrax) 
Denver Fire Clay Co. 
Green, A. P., Fire Brick Co. 
Norton Co. 
Thomas Alabama Kaolin Co. 
Tile (Wall) 
Denver Fire Clay Co. 
Green, A. P., Fire Brick Co 
Thomas Alabama Kaolin Co. 
Tin Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Titanium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Titanium Oxide 
Ceramic Color & oe Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Trisodium Phosphate 
Harshaw Chemical Co. 
Trucks 
Lancaster Iron Works, Inc. 
Tubes (Insulating) 
Carborundum Co. 
Green, A. P., Fire Brick Co. 
Louthan Mfg. Co. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Tubes (Pyrometer) 
Carborundum Co. 
Denver Fire Clay Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Uranium Oxide 
Drakenfeld, B. F., & Co. 
Harshaw 
The Hommel, 
Uranium Oxide 
Drakenfeld, B. F., 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel, O., Co., Inc. 
The Vitro Mfg. Co. 
Water Softening Plants 
Frazier-Simplex, Inc. 
Wet Enamel 
Ceramic Color & Chemical Mfg. Co. 
The Hommel, O., Co., Inc. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Porcelain Enamel and Mfg. Co. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Whiting 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld, B. F., & Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co 
Winding Drums 
Lancaster Iron Works, Inc. 
Zinc Oxide 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Harshaw Chemical Co. 
The Hommel, O., Co., Inc 
The Vitro Mfg. Co. 
Zircon 
Edgar Plastic Kaolin Co. 
Foote Mineral Co. 
The Hommel, O., Co., Inc 
Zirconia 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Harshaw Chemical Co 
The Hommel, O., Co., Inc 
Metal & Thermit Corp. 
Titanium Alloy & Mfg. Co. 
The Vitro Mfg. Co. 
Zirconium Oxide 
Foote Mineral Co. 
The Hommel, O., Co., Inc. 
Titanium Alloy Mfg. Co. 
Zirkite (Natural ZrOs) 
Foote Mineral Co. 
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@The muffle is of “Alfrax,” the Aluminum Oxide 
Refractory by Carborundum. 

The recuperator is equipped with tubes of 
“Carbofrax,” the Carborundum Brand Silicon Car- 
bide Refractory. 

The furnace is by Whipple Furnace Company of 
Chicago. 

The installation is in the plant of a mid-west 
company and the work is enameling steel stove 
parts. 

Records on this job show that the extremely thin 
plate “Alfrax” muffle provides unusually rapid and 
uniform heat conductivity, thus assuring a marked 
fuel economy—plus a chemical stability which 
makes certain long, economical muffle life. 

The recuperator equipped with “Carbofrax” tubes 
furnishes air for drying, thus eliminating a heavy 
fuel bill for drying ware. 

And to top it all off, the furnace performance is at 
such high efficiency as to produce an extremely 
high grade of enameled ware—and more of it. 
May we suggest that Carborundum Engineering 
Service can help you to equally productive results? 
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DUM 


OR 


PRODUCT: 


THE CARBORUNDUM COMPANY 
Refractory Division, Perth Amboy, N. J. 


District Sales Branches: Chicago, Philadelphia, Detroit, Cleveland, Boston, 
Pittsburgh. Distributors: McConnell Sales and Engineering Corporation, 
Birmingham, Ala.; Christy Firebrick Company, St. Louis, Mo.; Harrison &, 
Company, Salt Lake City, Utah; Pacific Abrasive Supply Company, Los Angeles, 
San Francisco, Calif.; Denver Fire Clay Company. El Paso, Texas; Smith-Sharpe 
Company, Minneapolis, Minn. 
Carbofrax and Alfrax are registered trade-marks) 
of and indicate manufacture by The Carborundum Company 
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EXECUTIVE OFFICE EXHIBITS 


Franciscan pottery of the Gladding, McBean & Company. Vernonware of the, Vernon Kilns. 


a 
a 
* 
One of five enclosed cases of exhibits in the Executive Offices of The American Ceramic Society. 
fen, 


H. C. SPINKS CLAY COMPANY 
Miners and Shippers of 
BALL, SAGGER AND WAD CLAY 


NEWPORT, KY. 


November 1, 1940 


Mr. Pete Potter 
Comfortable Sanitary Pottery Mfg. Co. 
Pottsville, U. S. A. 


Dear Pete: 


No use me telling you to—I know you are going to vote right. No, I 


ain’t going to Gallup into a prediction on the election. 


Win, lose, or draw we got to take it—keep faith in our country and 


keep on trying. Try as hard as you want to, Pete, you won’t find 
better BALL CLAYS than CHAMPION & CHALLENGER and 
JERNIGAN. 


RBC:MLN 


Sincerely, 


General Manager 
H. C. SPINKS CLAY COMPANY 


TIN OXIDE 


Brilliant ...rich...snow-white... free of specks 


and discolorations .. . that’s the kind of glaze you 
want, and that’s the kind you will get consistently 
with M & T Tin Oxide. 

Hundreds of important firms have standardized 
on the use of M & T Tin Oxide because it assures, i 
at an advantageous price, the superior results 


they demand. 


METAL & THERMIT CORPORATION 


120 BROADWAY 
NEW YORK 


| 


